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Abstract	  
Although	  Mt	   Etna	   is	   one	   of	   the	  most	   studied	   volcanoes	   all	   over	   the	  world,	   it	   has	   yet	   some	   poorly	   understood	  
aspects	   related	   both	   to	   the	   geodynamical	   frame	   and	   to	   the	   evolution	   of	   the	   volcanic	   activity.	   The	   significant	  
volcanological	   and	   geochemical	   variations	   recorded	   since	   XVIIth	   century,	   particularly	   during	   the	   last	   50	   years	  
puzzled	   the	   scientific	   community,	  but	   their	   causes	  are	  not	   yet	   clarified	   (Di	  Geronimo	   et	  al.,	   1978;	   Frazzetta	  and	  
Villari,	  1981;	  Borgia	  et	  al.,	  1992;	  Continisio	  et	  al.,	  1997;	  Hirn	  et	  al.,	  1997;	  McGuire	  et	  al.,	  1997;	  Tanguy	  et	  al.,	  1997;	  
Clocchiatti	  et	  al.,	  1998;	  Gvirtzman	  and	  Nur,	  1999;	  Doglioni	  et	  al.,	  2001;	  Schiano	  et	  al.,	  2001;	  Patanè	  et	  al.,	  2003;	  
Monaco	  et	  al.,	  2005;	  Cadoux	  et	  al.,	  2007;	  Catalano	  et	  al.,	  2008a).	  The	  most	  intriguing	  variations	  in	  etnean	  activity	  
since	  XVIIth	  century	  and	  strikingly	  since	  1970’s	  are:	  
• an	   increase	   of	   days	   of	   activity/	   number	   of	   eruptive	   events	   and	   total	   volume	   of	   emitted	   products
(Andronico	  and	  Lodato,	  2005;	  Smethurst	  et	  al.,	  2009;	  Harris	  et	  al.,	  2011);
• a	  significant	  variation	  in	  porphyritic	  index	  (P.I.:	  vol.%,	  area	  %	  phenocrysts/	  total	  volume,	  area	  of	  rock/thin
section)	  shifting	  from	  almost	  totally	  aphyric	  to	  high	  porphyritic	  lavas	  (P.I.=	  45)
• marked	  K,	  Rb,	  Cs	  and	  radiogenic	  Sr	  enrichments	  in	  emitted	  products	  distinctly	  evident	  since	  1970’s	  when,
from	  then	  on,	  etnean	  volcanics	  show	  a	  potassic	  affinity	  (Cristofolini	  et	  al.,	  1984;	  Clocchiatti	  et	  al.,	  1988;
Armienti	  et	  al.,	  1989).
The	   aim	   of	   this	   work	   is	   to	   provide	   further	   information	   to	   decipher	   the	   complex	   processes	   related	   to	  Mt	   Etna	  
magmatism	   by	   deeply	   investigating	   historical	   and	   modern	   lavas	   with	   contemporary	   techniques.	   The	   bulk	   of	  
petrographical,	   geochemical,	   crystallochemical,	   crystallographical	   and	  historical	   data	  on	   sampled	  products	  make	  
up	  one	  of	  the	  most	  comprehensive	  and	  homogeneous	  databases	  for	  etnean	  historical	  activity.	  
Due	  to	  the	  relative	  short	  interval	  of	  time	  investigated	  and	  the	  volcano	  nature	  itself	  the	  variations	  are	  usually	  very	  
small,	   often	   too	   small	   to	   be	   spotted	   by	   routine	   analyses.	   	   To	   best	   describe	   them	  we	   improved	   the	   traditional	  
analytical	  procedures	  and	  methods	  by	  meticulously	  and	  accurately	  calibrating	  all	   the	   instruments	  more	   than	  we	  
usually	  did.	  
This	  work	  was	   based	  on	   an	  exhaustive	   sampling	   of	   historical	   and	  modern	   eruptions	   of	  Mt	   Etna	   careful	   choosing	  
lavas	  with	   certain	  age/year	  of	   eruption.	   To	  achieve	   this	   goal,	  we	  collected	   all	   the	  available	   literature	  on	  Mt	  Etna	   
eruption	   starting	   from	   the	   most	   ancient	   reports	   (aged	   1st	   century	   b.C.)	   until	   nowadays.	   We	   then	   revised	   
eruption	  ages	  and,	  with	  the	  aid	  of	  the	  most	  updated	  maps	  of	  Mt	  Etna,	  we	  planned	  our	  sampling	  survey.	  Due	  to	  the	  
fact	  that	  Mt	  Etna	   is	  an	  highly	  anthropized	  volcano,	  most	  of	  the	  more	  ancient	   lavas	  are	  covered	  by	  buildings	  and	  
cultivated	   areas	   dramatically	   reducing	   the	   possibility	   to	   find	   fresh	   outcrops.	   To	   overcome	   this	   we	   used	   Google	  
Street	  View™	  that	  literally	  permits	  us	  to	  remotely	  walk	  over	  the	  flows	  to	  spot	  the	  right	  outcrop	  to	  be	  sampled.	  This	  
trick	  helps	  to	  minimize	  the	  ‘wasted’	  time	  spent	  on	  the	  field	  searching	  for	  the	  good	  outcrop.	  
The	   59	   collected	   samples	   cover	   a	   time	   span	   from	   A.D.	   300±100	   to	   2011.	   Unfortunately	   several	   eruptions	  
(particularly	   the	   most	   ancient	   and	   the	   recent	   ones)	   were	   not	   sampled	   because	   of	   their	   uncertain	   age	   and/or	  
because	  they	  are	  covered	  by	  more	  recent	  flows.	  	  
The	  next	  step	  was	  focused	  on	  finely	  calibrating	  all	  the	  instrumental	  apparatus	  (XRF,	  volumetry,	  ICP-­‐MS,	  EMPA	  and	  
XRD)	  to	  obtain	  the	  best	  precision	  and	  accuracy.	  This	  was	  achieved	  by:	  
• analyzing	  our	  samples	  in	  a	  single	  batch,
• repeatedly	  analyzing	  	  international/	  in	  house	  standards	  along	  with	  the	  unknown	  samples,
• improving	  the	  whole	  analytical	  procedures	  and	  methods.
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We	  recognize	  three	  main	  groups	  of	   lavas	  on	  the	  basis	  of	  porphyritic	   index,	  crystal	  sizes	  and	  felsic/mafic	  minerals	  
ratio	  (vol.):	  	  
• High-­‐porphyritic:	  characterized	  by	  very	  large	  phenocrysts	  (0.5	  to	  2	  cm),	  high	  porphyritic	  index	  (P.I.35-­‐40)
and	  a	  high	  felsic/mafic	  minerals	  ratio;
• Low-­‐porphyritic:	   showing	   an	   aphyric/	   sub-­‐aphyric	   texture	   (P.I.<10)	   with	   millimetric/sub-­‐millimetric
phenocrysts	  and	  low	  felsic/mafic	  minerals	  ratio;
• Intermediate	   group:	   represented	   by	   lavas	   showing	   petrographical	   features	   comprised	   between	   Highly 
porphyritic	  and	  Low - porphyritic	  groups	  (P.I.	  between	  10	  and	  35)	  with	  variable	  felsic/mafic	  mineral	  ratio 
(generally	  high).	  This	  is	  the	  most	  populated	  group	  of	  the	  last	  2000	  years	  of	  activity.
No	   major	   changes	   in	   mineral	   chemistry	   are	   visible	   between	   the	   sampled	   lava;	   the	   paragenesis	   is	   composed	   
by	   phenocrysts	    of	    andesitic	    to	    bytwonitic	    plagioclase	    (usually	    the	    most	    abundant	    phase),	    augitic	    to	  
diopsidic	  clinopyroxene,	   olivine	   (Fo82 - 69)	   and	   Til magnetite	   in	   a	   holocrystalline/hypocrystalline	   (max	   5%	   vol.	   
glass)	   matrix.	   More	   interestingly	   very	   few	   samples	   are	   characterized	   by	   the	   occurrence	   of	   sedimentary,	  
metamorphic	   or	   igneous	   xenoliths	   and/or	   by	   the	   presence	   of	   biotite	   and/or	   amphibole	   xenocrysts.	  
By	  a	   volcanological	   and	  geochemical	  point	  of	   view,	  etnean	  historical	  products	   are	   commonly	   grouped	   into	   three	  
time	  intervals	  (Branca	  et	  al.,	  2011b):	  
• post	  122	  b.C.	  Plinian	  eruption	  –	  1669	  A.D.	  eruption	  à	  in	  this	  work:	  i3;
• post	  1669	  A.D.	  eruption	  –	  pre	  1971	  A.D.	  eruption	  à	  i4;
• 1971	  A.D.	  eruption	  –	  present	  à	  i5	  (and	  i5bis	  for	  the	  A.D.	  2000	  –	  2012	  period).
As	   stated	   before,	   significant	   changes	   in	   the	   geochemistry	   of	   erupted	   products	   occurred	   during	   the	   investigated	  
period.	   These	   changes	   are	  mainly	   characterized	   by	   the	   emission	   of	  more	  mafic	   products	   (shifting	   from	   basaltic	  
trachy-­‐andesite	  to	  trachy-­‐basalt)	  together	  with	  an	  enrichment	  of	  K,	  Rb,	  Cs	  and	  radiogenic	  Sr.	  Thanks	  to	  our	  precise	  
and	   accurate	   analyses,	   we	   documented	   for	   the	   first	   time,	   similar	   enrichment	   in	   Tl,	   Be,	  MREEs	   and	   HREEs.	   The	  
entity	  of	   this	  anomalous	  enrichment	  are	   referred	   to	   the	  expected	  values	  extrapolated	  by	   the	  main	  evolutionary	  
trend	  of	  etnean	  lavas	  and	  is	  in	  the	  order	  of	  +10%	  +	  40%	  for	  K,	  Rb,	  Cs,	  Be,	  MREEs	  and	  HREEs	  while	  Tl	  reaches	  values	  
up	   to	   +300%.	   These	   enrichments	   are	   called	   ‘anomalous’	   because	   of	   all	   of	   these	   elements	   show	  major	   affinities	  
with	  evolved	  magmas	  whereas	  we	  found	  them	  concentrated	  in	  the	  more	  recent	  and	  primitive	  etnean	  products.	  
Anomalously	  high	  fO2	  values	  for	  etnean	  magmas	  and	  gases	  were	  spottily	  reported	  in	   literature	  (Sato	  et	  al.,	  1973)	  
but	  unfortunately	  no	   further	   investigations	  were	  made.	  To	  best	  describe	   this	   feature	  we	  determined	  Fe2O3/FeO	  
ratio of	  39	  lavas using and	  improving	  the	  volumetric	  method (titration) developed	  by Yokoyama	  and Nakamura 
(2002)	  which	  permits	  to	  achieve	  analytical	  error	  better	  than	  0.03%(1σ).	  We	  found	  that	  Fe2O3/FeO	  ratios for etnean
samples	   markedly	   differ	   from	   the	   World	   average	   value	   of	   0.3	   for	   fresh	   trachybasaltic	   rocks	   (Middlemost,	   1989)	   
reaching	  an	  average	  value	  of	  0.60±	  0.13.	  This	  higher	  value	  gives	  important	  information	  about	  the	  oxidation	  state	  
and	   the	   water	   content	   of	   etnean	   magmas	   setting,	   moreover,	   tight	   constraints	   for	   thermodynamic	   models	   (e.g.	   
melt-­‐phase	  equilibria	  recalculations,	  phase	  reactions,	  etc.).	  
Clinopyroxene	  is	  one	  of	  the	  most	  important	  phases	  in	  etnean	  lavas	  carrying	  lots	  of	  information	  about	  the	  source	  
and	  the	  magmatic	  processes	  affecting	  Mt	  Etna.	  Clinopyroxene	  chemistry	   is	   thoroughly	   investigated	  by	  over	  than	  
900	   EMPA	   analyses	   on	   over	   450	   phenocrysts	   separated	   from	   38	   selected	   eruptions.	   Despite	   the	   geochemical	   
variations	  observed	  in	  the	  whole	  rocks,	  only	  minor	  timel related	  variation	  were	  detected	  in	  clinopyroxenes,	  such	  as	  
slight	  increase	  of	  Al2O3	  and	  CaO	  and	  decrease	  in	  Na2O (wt.%).	  	  
Intra-­‐sample	  clinopyroxene	  compositional	  variations	  are	  very	  useful	   to	  decipher	   the	  magma	  ascent	  paths	  within	   
Mt	   Etna	   feeding	   system.	   We	   used	   the	   Putirka	   et	   al.	   (1996;	   2003)	   clinopyroxene-­‐liquid	   geothermobarometers	   to	  
estimate	  P	  and	  T	  conditions	  during	  magma	  ascent.	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As	   all	   the	   exchange	   geothermobarometers,	   Putirka’s	   ones	   need	   that	   clinopyroxene	   and	   liquid	   have	   to	   be	   in	  
equilibrium	  but,	  since	  clinopyroxenes	  in	  equilibrium	  with	  whole	  rock	  composition	  (taken	  as	  liquid	  composition)	  in	  
natural	   samples	   usually	   are	   very	   few,	   lots	   of	   samples,	   geochemical	   data	   and	   time	   are	   necessary	   to	   find	   a	  
statistically	   relevant	  number	  of	  suitable	  clinopyroxenes.	  To	  overcome	  this	  drawback	  we	  used	  the	  Armienti	  et	  al.	  
(2007)	  algorithms	  that,	  given	  a	  bulk	  rock	  and	  a	  clinopyroxene	  analysis,	  it	  allows	  to	  calculate	  the	  equilibrium	  liquid	  
compositions	  on	  the	  basis	  of	  mineral-­‐melt	  distribution	  coefficients	  (𝐾!").	  For	  each	  of	  the	  38	  investigated	  eruptions	  
we	  defined	  the	  P-­‐T	  paths.	  We	  found	  that	  studied	  eruptions	  can	  be	  broadly	  classified	   into	  two	  distinct	  groups	  on	  
the	  basis	  of	  their	  paths:	  
• Linear-­‐direct	  paths,	   characterized	  by	  a	   linear	  distribution	  of	  P	  and	  T	  points	  along	  a	   straight	   line	   (where
dP/dT=k).	  These	  trends	  are	  though	  belonging	  to	  those	  eruptions	  where	  magma	  rises	  fast	  throughout	  the
feeding	  system.
• Saw	   tooth	   paths,	   characterized	   by	   ‘ponding’	   zones	   where	   clinopyroxene	   crystallization	   mainly	   occurs
(portions	  where	  dP/dT=0).
Resulting	  data	  markedly	  differs	  from	  those	  published	  by	  Armienti	  et	  al.	  (2007,	  2009,	  2012)	  where	  clinopyroxenes	  
crystallizing	   depth	   are	   usually	   deeper,	   commonly	   reaching	   the	   crust-­‐mantle	   boundary.	   Our	   estimated	  
pressures/depths	  are	  markedly	  shallower	  (0	  to	  7	  km)	  with	  respect	  to	  the	  Armienti’s	  ones;	  this	  is	  probably	  due	  to	  
the	  fact	  that	  they	  used	  poor-­‐quality	  SEM	  clinopyroxene	  analyses,	  in	  particular	  wrong	  Na2O	  and	  Fe2O3/FeO	  values.	  
Looking	  in	  detail	  saw	  tooth	  paths	  we	  found	  that	  magma	  ‘ponding’	  zones	  are	  located	  around	  the	  limit	  between	  the	  
Hyblean	  carbonates	  and	  their	  sedimentary	  covers	  (density	  contrast)	  (Corsaro	  and	  Pompilio,	  2004a).	  Furthermore	  
our	   depths	   perfectly	   match	   with	   a	   ‘seismically	   anomalous	   zone’	   (hereafter	   SAZ)	   revealed	   by	   3D-­‐	   topographies	  
extending	  beneath	  Mt	  Etna	  up	  to	  about	  8-­‐	  9	  km	  below	  sea	  level.	  Recent	  studies	  suggest	  that	  SAZ,	  or	  at	  least	  some	  
portions,	   could	   represent	   regions	   of	   magma	   storage	   where	   fractionation	   and	   differentiation	   processes	   occur	  
(Villaseñor	   et	  al.,	   1998;	  Chiarabba	   et	  al.,	   2000;	  Nicolich	   et	  al.,	   2000;	  Patanè	   et	  al.,	   2003;	   Spilliaert	   et	  al.,	   2006a;	  
Schiavone	  and	  Loddo,	  2007;	  Corsaro	  et	  al.,	  2013).	  
For	   9	   of	   these	   eruptions	   we	   performed	   single-­‐crystal	   XRD	   analyses	   to	   describe	   the	   crystal	   structure	   of	  
clinopyroxenes	   and	   to	   obtain	   ‘independent’	   P	   estimates	   using	   the	   Nimis’	   geobarometer.	   	   Crystallographic	   data	  
shows	  an	  increase	  over	  the	  time	  of	  Vcell	  and	  VT	  and	  a	  decrease	  in	  VM1	  that	  could	  be	  accounted	  to	  changes	   in	  the	  
depth	  of	  crystallization	  (Nimis	  and	  Ulmer,	  1998).	  
The	  discovery	  of	  Be,	  MREEs	  and	  HREEs	  anomalies	  (Tl	  strictly	  correlate	  with	  K)	  give	  important	  hints	  on	  the	  cause	  of	  
the	   anomalous	   enrichment	   affecting	   etnean	   magmas.	   The	   whole	   geochemical	   observations	   strengthen	   the	  
hypothesis	   that	   these	   enrichments	   were	   inherited	   from	   the	   magma	   source	   and	   not	   by	   shallow	   crustal	  
contamination	   processes	   (Clocchiatti	   et	   al.,	   1988).	   The	   source	   of	   etnean	   magmas	   may	   have	   suffered	  
metasomatism	  by	  H2O-­‐rich	  slab-­‐released	  fluids	  carrying	  lots	  of	  elements	  to	  the	  mantle	  wedge	  (Schiano	  et	  al.,	  2001;	  
Tonarini	  et	  al.,	  2001).	  
In	  fact,	  altered	  oceanic	  crust	  is	  usually	  enriched	  in	  Fe,	  K,	  H2O,	  Mn,	  Cl,	  B,	  Li,	  Rb,	  Cs,	  (Tl,	  REEs,	  etc.)	  (Pearce	  and	  Cann,	  
1973;	  Thompson,	  1973;	  Hart	  et	  al.,	  1974;	  Humphris	  and	  Thompson,	  1978;	  Staudigel	  and	  Hart,	  1983;	  Jochum	  and	  
Verma,	  1996;	  Kelley	  et	  al.,	  2003;	   John	  et	  al.,	  2004;	  Spandler	  et	  al.,	  2004;	  Kessel	  et	  al.,	  2005;	  Kelley	  and	  Cottrell,	  
2009)	  while	  hydrothermally	  metasomatized	  sediments	  are	  normally	  enriched	  in	  phengitic-­‐mica	  (and	  other	  phases	  
such	  as	  allanite,	  monazite,	  garnet,	  etc.)	  that	  is	  considered	  a	  chief-­‐carrier	  of	  K,	  Li,	  Rb,	  Cs,	  Sr,	  Ba,	  Cr,	  V,	  Tl,	  Be,	  B,	  87Sr,	  
etc.	   from	   the	   sedimentary/metamorphic	   environment	   to	   the	   igneous	   one	   (Hanson,	   1980;	   Hart	   and	   Reid,	   1991;	  
Fleet	   et	   al.,	   2003;	   Schmidt	   and	   Poli,	   2003;	   Hermann	   et	   al.,	   2006;	   Bebout,	   2007;	   Hermann	   and	   Rubatto,	   2009;	  
Bebout,	  2011).	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Although	  quantitative	  data	  supporting	  this	  hypothesis	  are	  not	  yet	  available	  (e.g.	  the	  volumes	  of	  fluids	  interacting	  
with	   the	  mantle	  wedge,	   the	   volumes	  of	  magma	  produced,	   etc.)	   and	   the	  whole	   geodynamic	   frame	   is	  not	  widely	  
accepted	   (e.g.	   the	  presence	  of	   a	   slab	  window	   in	   the	   Ionian	   slab,	   etc.),	  we	  present	   a	  qualitative	  model	   trying	   to	  
explain	  all	  the	  anomalies	  we	  found	  within	  the	  investigated	  products:	  
1. Subduction-­‐	   related	   fluids,	   rich	   in	   H2O,	   K,	   Rb,	   Cs,	   Tl,	   Cl,	  MREEs,	   HREEs,	   were	   released	   from	   the	   Ionian
altered	  crust	  and	  its	  sedimentary	  covers;
2. Released	   fluids	   rise	   through	   the	   slab	  window	   in	   the	   Ionian	   slab	   and	   interact	  with	   the	  overlying	  mantle
wedge	  creating	  a	  veined-­‐mantle;
3. Partial	  melting	  of	  the	  veined	  mantle;
4. Uprising/	  ponding	  of	  newly	  produced	  magma	  batch	  within	  the	  crust.
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Riassunto	  
Sebbene	   l’Etna	  sia	  uno	  dei	  più	   studiati	   vulcani	  al	  mondo,	  vi	   sono	  ancora	  degli	  aspetti	  poco	  chiari	   circa	   il	  quadro	  
geodinamico	  e	  l’evoluzione	  dell’attività	  del	  vulcano	  stesso.	  Le	  significative	  variazioni	  vulcanologiche	  e	  geochimiche	  
rilevate	   sin	   dal	   XVII	   secolo,	   ed	   in	   particolar	   modo	   negli	   ultimi	   cinquant’anni,	   hanno	   interessato	   la	   comunità	  
scientifica	  mondiale	   che	   comunque	   non	   è	   ancora	   riuscita	   a	   chiarire	   quali	   siano	   le	   cause	   di	   tali	   cambiamenti	   (Di	  
Geronimo	   et	   al.,	   1978;	   Frazzetta	   and	  Villari,	   1981;	   Borgia	   et	   al.,	   1992;	   Continisio	   et	   al.,	   1997;	  Hirn	   et	   al.,	   1997;	  
McGuire	  et	  al.,	  1997;	  Tanguy	  et	  al.,	  1997;	  Clocchiatti	  et	  al.,	  1998;	  Gvirtzman	  and	  Nur,	  1999;	  Doglioni	  et	  al.,	  2001;	  
Schiano	  et	  al.,	  2001;	  Patanè	  et	  al.,	  2003;	  Monaco	  et	  al.,	  2005;	  Cadoux	  et	  al.,	  2007;	  Catalano	  et	  al.,	  2008a).	  	  
Le	  più	  interessanti	  variazioni	  dell’attività	  etnea	  possono	  essere	  così	  riassunte:	  
• Aumento	   dei	   giorni	   di	   attività	   /	   numero	   di	   eventi	   eruttivi	   e	   del	   volume	   totale	   di	   prodotti	   emessi
(Andronico	  and	  Lodato,	  2005;	  Smethurst	  et	  al.,	  2009;	  Harris	  et	  al.,	  2011);
• Estrema	   variabilità	   dell’indice	   di	   porfiricità	   delle	   lave,	   passando	   da	   prodotti	   totalmente	   afirici	   fino	   a
prodotti	   fortemente	   porfirici	   con	   indice	   di	   porfiricità=	   45	   vol.%	   (P.I.:	   volume-­‐superficie	   fenocristalli	   /
volume/superficie	  totale	  roccia-­‐sezione	  sottile);
• Un	  marcato	  arricchimento	  in	  K,	  Rb,	  Cs,	  87Sr	  nei	  prodotti	  emessi	  dal	  XVII	  secolo	  e	  più	  marcatamente	  dagli
anni	   ’70	   quando,	   da	   allora	   in	   poi,	   i	   prodotti	   emessi	  mostrano	   una	   affinità	   potassica	   (Cristofolini	   et	   al.,
1984;	  Clocchiatti	  et	  al.,	  1988;	  Armienti	  et	  al.,	  1989).
Lo	  scopo	  di	  questo	  lavoro	  è	  di	  fornire	  ulteriori	  informazioni	  utili	  al	  fine	  di	  comprendere	  i	  complessi	  processi	  legati	  
alla	   genesi	   dei	   magmi	   etnei	   indagando	   approfonditamente	   le	   lave	   storiche,	   recenti	   e	   contemporanee	   con	  
metodologie	  e	  tecniche	  moderne.	  I	  dati	  petrografici,	  geochimici,	  cristallochimici	  e	  cristallografici	  raccolti	  formano	  
uno	  dei	  più	  completi	  e	  omogenei	  database	  per	  le	  lave	  storiche	  etnee.	  
A	   causa	   del	   relativo	   breve	   intervallo	   di	   tempo	   investigato	   (circa	   2000	   anni)	   e	   la	   natura	   del	   vulcano	   stesso,	   le	  
variazioni	   riscontrate	   sono	   in	   genere	   piccole,	   spesso	   troppo	  piccole	   da	   essere	   rilevate	   dalle	   classiche	   procedure	  
analitiche.	  Al	  fine	  di	  descrivere	  queste	  piccole	  ma	  importanti	  variazioni,	  abbiamo	  cercato	  di	  migliorare	  la	  precisione	  
e	  l’accuratezza	  delle	  procedure	  e	  raffinando	  le	  metodologie	  analitiche	  comunemente	  utilizzate.	  
Questo	   lavoro	  si	  basa	  su	  un’esaustiva	  campagna	  di	  campionamento	  di	   lave	  etnee	  storiche,	  moderne	  e	  recenti	  di	  
età	  certa	  (anno	  di	  eruzione)	  e	  il	  più	  possibile	  fresche.	  La	  fase	  di	  campionamento	  è	  stata	  preceduta	  da	  un	  attento	  
lavoro	  di	  rilettura	  delle	  cronache	  storiche	  dalle	  più	  antiche	  (I	  secolo	  a.C.)	  fino	  ai	  giorni	  nostri.	  Dato	  che	  l’Etna	  è	  un	  
vulcano	  densamente	  antropizzato,	  molte	  delle	  colate	  storiche	  sono	  spesso	  inaccessibili	  o	  ricoperte	  da	  costruzioni	  
ed	  aree	  coltivate.	  Con	  l’aiuto	  delle	  più	  recenti	  mappe	  pubblicate	  e	  tramite	  l’utilizzo	  di	  programmi	  di	  visualizzazione	  
del	  terreno	  (Google	  Earth	  e	  Street	  View™)	  abbiamo	  meticolosamente	  pianificato	  la	  campagna	  di	  campionamento	  
letteralmente	   ‘camminando’	   da	   remoto	   sugli	   affioramenti	   più	   promettenti.	   Questo	   ci	   ha	   permesso	   di	   ridurre	  
drasticamente	  la	  possibilità	  di	  errori	  nel	  campionamento	  (es.	  colate	  adiacenti	  o	  sovrapposte	  di	  anno	  differente)	  e	  
di	  minimizzare	  i	  tempi	  e	  i	  costi	  delle	  missioni.	  
Le	  59	  lave	  campionate	  coprono	  un	  intervallo	  temporale	  dal	  300±100	  d.C.	  fino	  al	  2011.	  Le	  colate	  storiche	  di	  età	  
incerta	  o	  non	  facilmente	  distinguibili	  in	  campagna	  non	  sono	  state	  volutamente	  campionate.	  
Il	   passo	   successivo	   si	   è	   focalizzato	   sulla	   calibrazione	   accurata	   degli	   strumenti	   analitici	   (XRF,	   volumetria,	   ICP-­‐MS,	  
EMPA	  e	  XRD)	  al	  fine	  di	  ottenere	  le	  migliori	  precisioni	  e	  accuratezze.	  Al	  fine	  di	  raggiungere	  quest’obiettivo	  abbiamo:	  
• Analizzato	  tutti	  i	  campioni	  in	  un’unica	  sessione;
• Analizzato	  ripetitivamente	  insieme	  ai	  campioni	  degli	  standard	  geochimici	  internazionali	  e	  non;
• Migliorato	  le	  precisioni	  ed	  accuratezze	  delle	  comuni	  procedure	  analitiche;
• Utilizzato	  apparecchiature	  e	  tecniche	  moderne.
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Da	  un	  punto	  di	  vista	  petrografico	  abbiamo	  riconosciuto	  tre	  tipologie	  principali	  di	  lave,	  distinguibili	  in	  base	  all’indice	  
di	  porfiricità,	  alle	  dimensioni	  dei	  cristalli	  e	  al	  rapporto	  minerali	  sialici/femici	  (vol.):	  
• Altamente	  porfiriche:	  lave	  con	  fenocristalli	  molto	  grandi	  (da	  0.5	  a	  2	  cm),	  con	  indice	  di	  porfiricità	  in	  genere
maggiore	  di	  35	  e	  alto	  rapporto	  minerali	  felsici/mafici
• Poco	  porfiriche:	   lave	   sub	   afiriche	   /	   afiriche	   con	  un	  bassissimo	   indice	   di	   porfiricità	   (≤5),	   con	   fenocristalli
millimetrici/submillimetrici	  e	  con	  altrettanto	  basso	  rapporto	  minerali	  felsici/mafici;
• Intermedie:	  lave	  che	  hanno	  caratteristiche	  intermedie	  tra	  i	  due	  gruppi	  sopra	  citati	  ma,	  in	  genere,	  con	  alto
rapporto	   minerali	   femici/mafici.	   In	   questo	   gruppo	   ricadono	   la	   maggior	   parte	   delle	   lave	   eruttate	   negli
ultimi	  2000	  anni.
Dal	  punto	  di	  vista	  della	  chimica	  delle	  fasi	  non	  si	  riscontrano	  variazioni	  significative	  tra	  i	  vari	  gruppi	  ne	  tra	  eruzioni	  
dello	   stesso	   gruppo.	   La	   paragenesi	   è	   essenzialmente	   monotona	   e	   composta	   da	   fenocristalli	   di	   plagioclasio	  
(bytownite	   –	   andesina),	   clinopirosseno	   (augite	   –	   diopside),	   olivina	   (Fo82-­‐69)	   e	   Ti-­‐magnetite	   tutti	   immerse	   in	   una	  
pasta	  di	  fondo	  olocristallina/ipocristllina	  (con	  max	  5%	  vol.	  vetro).	  In	  pochissime	  lave	  sono	  stati	  rinvenuti	  cristalli	  di	  
anfibolo	  e	  biotite	  e	  xenoliti	  di	  varia	  natura.	  
Da	   un	   punto	   di	   vista	   vulcanologico	   e	   geochimico	   i	   prodotti	   storici	   etnei	   vengono	   comunemente	   raggruppati	  
temporalmente	  in	  tre	  intervalli	  (Branca	  et	  al.,	  2011a):	  
• post	  eruzione	  Pliniana	  del	  122	  a.C.	  	  –	  	  eruzione	  del	  1669	  A.D.	  à	  in	  questo	  lavoro:	  i3;
• post	  eruzione	  del	  1669	  A.D.–	  pre	  eruzione	  del	  1971	  A.D.	  à	  i4;
• post	  eruzione	  del	  1971	  A.D.	  –	  presente	  à	  i5	  (	  e	  i5bis	  per	  i	  prodotti	  emessi	  nel	  periodo	  A.D.	  2000	  -­‐	  2012).
Come	  già	  accennato,	  le	  variazioni	  più	  interessanti	  sono	  quelle	  legate	  alla	  geochimica	  delle	  rocce	  in	  quanto	  le	  lave	  
eruttate	  risultano	  via	  via	  sempre	  più	  primitive	  (si	  passa	  da	  trachibasalti-­‐andesitici	  a	  trachibasalti)	  e	  caratterizzate	  
da	  arricchimenti	  anomali	  di	  K,	  Rb,	  Cs	  e	  87Sr	  (Cristofolini	  et	  al.,	  1984;	  Clocchiatti	  et	  al.,	  1988;	  Armienti	  et	  al.,	  1989).	  	  
Grazie	   al	   miglioramento	   delle	   tecniche	   e	   delle	   procedure	   analitiche	   abbiamo	   documentato,	   per	   la	   prima	   volta,	  
simili	  arricchimenti	   in	  Tl,	  Be,	   terre	   rare	   intermedie	   (MREEs)	  e	  pesanti	   (HREEs).	  Questi	  arricchimenti	   sono	  definiti	  
anomali	   poiché	   tutti	   questi	   elementi	   hanno	   affinità	   geochimiche	  maggiori	   per	   fusi	   evoluti	   e	   quindi	   dovrebbero	  
essere	  più	  concentrati	  nelle	  lave	  più	  antiche	  mentre	  risultano	  più	  arricchiti	  nei	  prodotti	  più	  recenti	  e	  meno	  evoluti.	  
L’entità	  degli	  arricchimenti	  anomali	  documentati	  sono	  riferiti	  al	  valore	  ‘aspettato’	  estrapolando	  il	  trend	  evolutivo	  
‘normale’	  dei	  prodotti	  etnei	  più	  antichi	  (da	  500	  ka	  fino	  al	  1669d.C.)	  e	  sono	  stimati	  nell’ordine	  del	  +10%	  (i4)	  e	  +	  40%	  
(i5)	  per	  K,	  Rb,	  Cs,	  Be,	  MREEs,	  HREEs	  	  mentre	  il	  Tl	  raggiunge	  valori	  fino	  a	  +300%.	  
Valori	   anomali	   della	   fO2	   nei	   magmi	   e	   gas	   etnei	   sono	   state	   riportate	   in	   letteratura	   (Sato	   et	   al.,	   1973)	   ma	   
sfortunatamente	   questa	   caratteristica	   non	   è	   mai	   stata	   investigata	   in	   dettaglio.	   Al	   fine	   di	   verificare	   e	   
investigare	   quest’	   ulteriore	   anomalia	   abbiamo	  determinato	   il	   rapporto	   Fe2O3/FeO	   in	   39	   campioni	  migliorando	   la	  
metodologia	   di	   titolazione	   sviluppata	   da	   Yokoyama	   and	   Nakamura	   (2002)	   che	   ci	   ha	   permesso	   di	   raggiungere	  
precisioni	  migliori	  di	  0.03%	  (1σ).
Dalle	   nostre	   analisi	   abbiamo	   riscontrato	   che	   il	   rapporto	   Fe2O3/FeO	   delle	   lave	   etnee	   campionate	   si	   discosta	   
marcatamente	   dal	   valore	   medio	   tipico	   per	   le	   rocce	   trachibasaltiche	   mondiali	   non	   alterate,	   di	   0.3	   (Middlemost,	   
1989)	   registrando	   un	   valore	  medio	   di	   0.60±0.13.	   Questo	   valore	   elevato	   fornisce	   importanti	   informazioni	   circa	   lo	  
stato	   di	   ossidazione	   dei	   magmi	   etnei,	   del	   loro	   alto	   contenuto	   di	   acqua	   e	   stabilisce	   dei	   limiti	   più	   definiti	   per	   le	   
modellizzazioni	  termodinamiche	  (es.	  equilibri	  mineralil fusi,	  reazioni	  tra	  fasi,	  ecc.).	  
Il	   clinopirosseno	   è	   una	   delle	   più	   importanti	   fasi	   nelle	   lave	   etnee	   portando	   con	   sé	   molte	   informazioni	   circa	   la	   
sorgente	   dei	   magmi	   e	   i	   processi	   di	   risalita	   all’interno	   della	   crosta.	   Al	   fine	   di	   estrapolare	   il	   maggior	   numero	  
d’informazioni	   possibili	   sono	   state	   effettuate	   oltre	   900	   analisi	   in	   microsonda	   su	   oltre	   450	   fenocristalli	   di	   
clinopirosseno	  separati	  da	  38	  lave	  selezionate.	  A	  differenza	  delle	  marcate	  variazioni	  della	  chimica	  delle	  lave	  etnee,	  
nei	  clinopirosseni	  si	  assiste	  solo	  a	  lievi	  variazioni	  temporali	  come	  un	  incremento	  in	  Al2O3	  e	  CaO	  e	  un	  decremento	  in	  
Na2O (wt.%).	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Le	   seppur	   piccole	   variazioni	   composizionali	   dei	   clinopirosseni	   rilevate	   all’interno	   delle	   singole	   lave	   forniscono	  
invece	   importantissime	   informazioni	   circa	   le	   traiettorie	   di	   risalita	   dei	   magmi	   nel	   sistema	   di	   alimentazione	   del	  
vulcano	  (Armienti	  et	  al.,	  2007).	  Utilizzando	  i	  geotermobarometri	  proposti	  da	  Putirka	  et	  al.	  (1996;	  2003)	  sulle	  coppie	  
clinopirosseno/roccia,	  abbiamo	  tracciato	  i	  percorsi	  di	  risalita	  dei	  magmi	  etnei	  dalla	  sorgente	  alla	  superficie.	  Al	  fine	  
però	  di	  utilizzare	  qualsiasi	  geotermobarometro	  minerale/liquido	  è	  necessario	  che	  i	  cristalli	  presi	  in	  esame	  siano	  in	  
equilibrio	  con	  la	  roccia	  stessa	  (presa	  come	  composizione	  del	  liquido).	  Considerando	  che	  le	  coppie	  minerale/liquido	  
(roccia	  totale)	  in	  equilibrio	  sono	  in	  genere	  molto	  poche,	  al	  fine	  di	  ottenere	  una	  mole	  discreta	  di	  dati	  si	  dovrebbero	  
analizzare	  migliaia	  di	  fasi	  per	  ogni	  singolo	  campione	  perdendo	  ingenti	  quantità	  di	  tempo	  e	  di	  risorse.	  Per	  superare	  
questo	  ostacolo	  ci	  siamo	  avvalsi	  dell’aiuto	  dell’algoritmo	  proposto	  da	  Armienti	  et	  al.	  (2007)	  che	  permette,	  data	  la	  
composizione	   totale	   della	   roccia	   e	   una	   analisi	   di	   un	   clinopirosseno	   (della	   roccia	   stessa),	   	   il	   ricalcolo	   della	  
composizione	   del	   fuso	   all’equilibrio	   con	   il	   cristallo	   stesso	   sulla	   base	   dei	   vari	   Kd.	  
Così	  facendo	  abbiamo	  riscostruito	  le	  traiettorie	  di	  risalita	  dei	  magmi	  etnei	  riconoscendo	  due	  tipologie	  di	  percorsi:	  
• Lineari-­‐diretti:	   caratterizzati	   da	  una	  distribuzione	   lineare	  di	   coppie	  di	   punti	   P-­‐T	  disposti	   lungo	  una	   retta
(dP/dT=k).	   Queste	   traiettorie	   si	   pensa	   possano	   essere	   caratteristiche	   di	   quelle	   eruzioni	   dove	   il	   magma
risale	  velocemente	  all’interno	  del	  sistema	  di	  alimentazione.
• A	   dente	   di	   sega:	   caratterizzati	   da	   zone	   di	   ‘stazionamento’	   dove	   la	   cristallizzazione	   dei	   clinopirosseni	   è
maggiore	  (porzioni	  dove	  dP/dT=0).
Sebbene	  le	  traiettorie	  P-­‐T	  dei	  campioni	  studiati	  siano	  caratterizzate	  da	  temperature	  via	  via	  maggiori	  con	  il	  passare	  
del	  tempo	  (legate	  al	  fatto	  che	  i	  magmi	  eruttati	  sono	  sempre	  più	  primitivi),	  i	  nostri	  dati	  differiscono	  marcatamente	  
da	  quelli	  pubblicati	  da	  Armienti	  et	  al.	  (2007;	  2009;	  2012)	  dove	  le	  profoniodtà	  di	  cristallizzazione	  dei	  clinopirosseni	  
risultano	  in	  genere	  maggiori	  rispetto	  alle	  nostre,	  raggiungendo	  comunemente	  il	  limite	  crosta	  mantello.	  
Le	  pressioni/profondità	  stimate	  in	  questo	  lavoro	  ricadono	  tutte	  tra	  0	  e	  7	  km	  di	  profondità;	  le	  grandi	  differenze	  con	  
i	   valori	   proposti	   da	   Armienti	   et	   al.	   (2007;	   2009;	   2012)	   sono	   dovute	   essenzialmente	   all’utilizzo	   di	   dati	   chimici	   di	  
bassa	  qualità	  (SEM)	  specialmente	  per	  quanto	  triguarda	  la	  stima	  del	  Na2O	  e	  fel	  rapporto	  Fe2O3/FeO.	  
Guardando	  in	  dettaglio	  i	  trend	  a	  dente	  di	  sega,	  si	  nota	  come	  le	  zone	  di	  ‘stazionamento’	  dei	  magmi	  siano	  localizzate	  
in	  corrispondenza	  del	  contatto	  tra	  i	  carbonati	  Iblei	  e	  le	  loro	  coperture	  sedimentarie(contrasto	  di	  densità)	  (Corsaro	  
and	  Pompilio,	  2004a).	  Le	  profondità	  di	  cristallizzazione	  dei	  clinopirosseni	  da	  noi	  stimate	  coincidono	  perfettamente	  
con	  una	  ‘zona	  sismicamente	  anomala’	  (ZSA)	  rivelata	  da	  numerosi	  studi	  di	  tomografia	  3D	  che	  si	  estende	  al	  di	  sotto	  
del	  vulcano	  fino	  a	  circa	  8-­‐9	  km	  di	  profondità.	  Studi	  recenti	  indicano	  che	  tutta	  la	  ZSA	  o	  quantomeno	  una	  porzione	  
possa	   rappresentare	   una	   zona	   di	   stazionamento	   dei	   magmi	   dove	   avvengono	   i	   processi	   di	   differenziazione	   e	  
frazionamento	  (Villaseñor	  et	  al.,	  1998;	  Chiarabba	  et	  al.,	  2000;	  Nicolich	  et	  al.,	  2000;	  Patanè	  et	  al.,	  2003;	  Spilliaert	  et	  
al.,	  2006a;	  Schiavone	  and	  Loddo,	  2007;	  Corsaro	  et	  al.,	  2013).	  
Nell’ottica	  di	  estrapolare	  quante	  più	  informazioni	  possibili	  dai	  prodotti	  campionati,	  abbiamo	  eseguito	  delle	  analisi	  
in	   diffrattometria	   di	   cristallo	   singolo	   (XRD)	   su	   9	   cristalli	   di	   clinopirosseno	   selezionati	   da	   altrettante	   lave.	   I	   dati	  
cristallografici	  ottenuti	  mostrano	  un	  generale	  aumento	   (dai	  campioni	  più	  antichi	  a	  quelli	  più	   recenti)	  del	  volume	  
della	  cella,	  del	  volume	  del	  sito	  T	  e	  una	  corrispettiva	  diminuzione	  del	  volume	  del	  sito	  M1.	  Queste	  variazioni	  possono	  
essere	   associate	   o	   a	   variazioni	   della	   chimica	   dei	   clinopirosseni	   o	   alla	   profondità	   di	   cristallizzazione;	   dato	   che	   la	  
variabilità	   chimica	  dei	   clinopirosseni	   analizzati	   è	   spesso	   trascurabile,	   queste	   variazioni	   possono	  essere	   ascritte	   a	  
differenti	  profondità	  di	  cristallizzazione	  (Nimis	  and	  Ulmer,	  1998).	  Utilizzando	  il	  geobarometro	  di	  Nimis	  and	  Ulmer	  
(1998)	   abbiamo	   così	   ricavato	   delle	   stime	   ’indipendenti’	   di	   pressione	   che	   hanno	   confermato	   la	   bontà	   di	   quelle	  
ottenute	  utilizzando	  i	  geotermobarometri	  di	  Putirka	  et	  al.	  (1996;	  2003).	  
La	   scoperta	   delle	   anomalie	   di	   Be,	   MREEs,	   HREEs	   (e	   Tl)	   fornisce	   importanti	   indizi	   sulle	   possibili	   cause	  
dell’arricchimento	   che	  ha	   interessato	   i	  magmi	  etnei.	   L’insieme	  di	   tutti	   i	   dati	   raccolti	   rafforza	   l’ipotesi	   che	  questi	  
arricchimenti	   derivino	   dalla	   sorgente	   dei	   magmi	   e	   non	   dipendano	   da	   processi	   di	   arricchimento	   superficiali	  




Le	  nuove	  anomalie	  descritte	  sembrano	  indicare	  che	  la	  natura	  dell’agente	  metasomatizzante	  possa	  essere	  legata	  a	  
fluidi	  acquosi	  rilasciati	  dalla	  slab	  Ionica	  in	  subduzione	  (Schiano	  et	  al.,	  2001;	  Tonarini	  et	  al.,	  2001).	  	  
Infatti	  la	  crosta	  oceanica	  alterata	  risulta	  generalmente	  arricchita	  in	  Fe,	  K,	  H2O,	  Mn,	  Cl,	  B,	  Li,	  Rb,	  Cs,	  (Tl,	  REEs,	  etc.)	  
(Pearce	  and	  Cann,	  1973;	  Thompson,	  1973;	  Hart	  et	  al.,	  1974;	  Humphris	  and	  Thompson,	  1978;	  Staudigel	  and	  Hart,	  
1983;	   Jochum	  and	  Verma,	  1996;	  Kelley	   et	  al.,	   2003;	   John	   et	  al.,	   2004;	   Spandler	   et	  al.,	   2004;	  Kessel	   et	  al.,	   2005;	  
Kelley	   and	   Cottrell,	   2009)	  mentre	   le	   coperture	   sedimentarie	  metasomatizzate	   sono	   comunemente	   arricchite	   in	  
fengite	   (e	   in	   altri	   minerali	   accessori	   come	   allanite,	   monazite,	   granato,	   ecc.)	   che	   è	   considerata	   come	   una	   delle	  
principali	   fasi	   ‘trasportatrici’	   di	   K,	   Li,	   Rb,	   Cs,	   Sr,	   Ba,	   Cr,	   V,	   Tl,	   Be,	   B,	   87Sr,	   etc.	   dall’ambiente	  
sedimentario/metamorfico	  a	  quello	  igneo	  (Hanson,	  1980;	  Hart	  and	  Reid,	  1991;	  Fleet	  et	  al.,	  2003;	  Schmidt	  and	  Poli,	  
2003;	  Hermann	  et	  al.,	  2006;	  Bebout,	  2007;	  Hermann	  and	  Rubatto,	  2009;	  Bebout,	  2011).	  
	  
Sebbene	  non	  abbiamo	  a	  diposizione	  dati	  quantitativi	  a	  supporto	  di	  questa	  ipotesi	  (es.	  i	  volumi	  di	  magma	  /	  fluidi	  in	  
gioco,	  il	  tasso	  di	  fusione	  parziale	  del	  mantello,	  ecc.)	  e	  nonostante	  il	  quadro	  geodinamico	  proposto	  non	  sia	  ancora	  
largamente	  accettato	  dalla	  comunità	  scientifica,	  abbiamo	  deciso	  comunque	  di	  presentare	  un	  modello	  qualitativo	  
che	  cerchi	  di	  coniugare	  tutti	  i	  dati	  raccolti	  in	  questo	  lavoro:	  
	  
1. Rilascio	  di	   fluidi	   ricchi	   in	  H2O,	  K,	  Rb,	  Cs,	  Tl,	  Cl,	  MREEs,	  HREEs.	   	  dalla	  placca	   Ionica	   in	   subduzione	   (crosta	  
oceanica	  alterata	  +	  coperture);	  
2. Risalita	  dei	  fluidi	  rilasciati	  attraverso	  la	  slab	  window	  verticale	  nella	  placca	  Ionica	  e	  interazione	  tra	  gli	  stessi	  
e	  il	  cuneo	  di	  mantello	  sovrastante	  formando	  un	  mantello	  ‘venato’;	  
3. Fusione	  parziale	  del	  cuneo	  di	  mantello;	  


















Mt	   Etna	   (Sicily,	   Italy)	   is	   one	   of	   the	   most	   famous,	   active	   and	   monitored	   basaltic	   stratovolcanoes	   in	   the	  World;	  
moreover	   it	   is	   the	   largest	   volcano	   in	   continental	   Europe	   towering	   above	   Catania,	   Sicily's	   second	   largest	   city,	  
standing	  about	  3.343	  m	  a.s.l.	   (observed	   in	  2010)	  and	  covering	  about	  1250	  km2	  (Tanguy,	  1980).	  The	  name	  "Etna"	  
comes	  from	  the	  Greek	  Aitne,	  from	  ‘aitho’,	  meaning	  ‘I	  burn’.	  
Despite	   the	  others	   volcanoes	   all	   over	   the	  World,	  Mt	   Etna	   can	  boast	   one	  of	   the	   longest	   documented	   records	  of	  
historical	  volcanism	  since	  the	  XV	  century	  b.C.	  	  
Mt	  Etna	  shows	  an	  asymmetrical	  conical	   shape	  which	   is	  well	  visible	   from	   its	  western	  side.	  The	  northern	  sector	   is	  
characterized	   by	   an	   almost	   homoclinalic	   slope	   (ab.	   10°)	   while	   the	   southern	   sector	   shows	   a	   more	   complex	  
morphology	  starting	  with	  gentle	  slopes	  (5-­‐10°)	  up	  to	  1800	  m	  a.s.l.	  that	  roughly	  increase	  by	  about	  25°	  until	  2900	  m	  
a.s.l.	  (Ellittico	  Caldera	  rim)	  where	  they	  then	  decrease	  5-­‐10°	  in	  the	  summit	  craters	  area.	  	  
Valle	   del	   Bove,	   a	   large	   500	   m	   deep	   horseshoe-­‐shaped	  
depression	  (~6.5	  x	  5	  km)	  situated	  on	  the	  eastern	  flank,	  is	  
undoubtedly	   the	  main	  morpho-­‐structural	   feature	   of	  Mt	  
Etna	  (fig.	  1.1)	  (McGuire,	  1982;	  Guest	  et	  al.,	  1984;	  Chester	  
et	  al.,	  1985;	  McGuire,	  1985).	  The	  present	  morphology	   is	  
furthermore	   complicated	   by	   superimposition	   and	  
coalescence	   of	   several	   distinct	   monogenetic	   cones	   that	  
are	   largely	   clustered	   along	   three	  major	  weakness	   zones	  
of	   the	  volcanic	  edifice	  known	  as	  S,	  NE	  and	  W	  Rift	  Zones	  
(Kieffer,	  1975;	  Garduño	  et	  al.,	  1997;	  McGuire	  et	  al.,	  1997;	  
Favalli	  et	  al.,	  1999;	  Mazzarini	  and	  Armienti,	  2001;	  Branca,	  
2003).	  
Mt	   Etna	   has	   been	   active	   since	   the	   middle	   Pleistocene	  
(~0.6	  Ma)	   in	   the	   central	  Mediterranean	   area	  where	   the	  
African	   and	   European	   plates	   shifted	   in	   a	   very	   complex,	  
yet	   not	   clearly	   defined	   geodynamic	   frame.	   This	   frame	  
was	   characterized	   by	   an	   abrupt	   lateral	   tectonic	   change	  
from	   a	   continental	   collision	   in	   western	   Sicily	   to	   an	  
oceanic	   subduction	   in	   eastern	   Sicily	   –	   Calabria	   (fig.	   1.2)	  
(Barberi	   et	   al.,	   1974;	   Ghisetti	   and	   Vezzani,	   1981;	  
Scandone,	   1982;	   Cernobori	   et	   al.,	   1996;	   Gvirtzman	   and	  
Nur,	   1999;	   Guarnieri,	   2006;	   Chiarabba	   et	   al.,	   2008;	  
Argnani,	  2009).	  	  
Etnean	  volcanic	  activity	  is	  both	  characterized	  by	  effusive	  and	  explosive	  activity	  with	  the	  emplacement	  of	  lava	  flows	  
and	   pyroclastic	   deposits.	   Etnean	   products	   range	   in	   composition	   from	   basalt	   to	   trachyte,	   showing	   both	  
tholeiitic/alkaline	   affinities.	   However,	   since	   the	   XVIIth	   century,	   particularly	   during	   the	   last	   50	   years,	   explosive	  
events	   seem	   to	   have	   taken	  over	   the	   effusive	   ones,	  marking	   a	   sharp	   change	   in	  Mt	   Etna	   behavior	   (Coltelli	   et	   al.,	  
2000;	  Branca	  and	  Del	  Carlo,	  2004;	  Andronico	  and	  Lodato,	  2005;	  Smethurst	  et	  al.,	  2009;	  Proietti	  et	  al.,	  2011).	  	  
Figure	  1.1:	  Aerial	  photography	  of	  summit	  craters	  area	  and	  
Valle	  del	  Bove.	  Courtesy	  of	  Etna	  Walk©.	  






Present	  day	  activity	   is	  mainly	  represented	  by	  paroxysmal	  events	  at	   the	  South-­‐East	  crater	  ash	  emissions,	  mild-­‐to-­‐
strong	  Strombolian	  explosions,	  lava	  fountaining	  and	  minor	  lava	  flows	  (INGV	  CT,	  Weekly	  Reports).	  
Although	  Mt	   Etna	   is	   one	   of	   the	  most	   studied	   volcanoes	   all	   over	   the	  world,	   it	   has	   yet	   some	   poorly	   understood	  
aspects	   related	   to	   the	   geodynamical	   frame,	   to	   the	   evolution	   of	   the	   volcanic	   activity	   and	   to	   the	   magmas	  
composition.	  Some	  of	  these	  aspects	  are:	  	  
• its	  anomalous	  position	  with	  respect	  to	  arc	  and	  back-­‐arc	  magmatism;	  	  
• an	   increase	  of	  days	  of	  activity/	  number	  of	  eruptive	  events	  and	  total	  volume	  of	  emitted	  products	  during	  
the	  last	  centuries	  (Andronico	  and	  Lodato,	  2005;	  Smethurst	  et	  al.,	  2009;	  Harris	  et	  al.,	  2011);	  	  
• a	  significant	  variation	  in	  porphyritic	  index	  shifting	  from	  almost	  totally	  aphyric	  to	  high	  porphyritic	  samples	  
(P.I.	  up	  to	  45).	  
• the	   high	   ferric/ferrous	   iron	   ratio	   of	   its	   lavas	   that	   largely	   exceeds	   the	   world	   average	   value	   of	   0.30	  
determined	  for	  fresh	  trachybasaltic	  rocks	  (Middlemost,	  1989);	  
• a	  marked	   K,	   Rb,	   Cs	   and	   87Sr/86Sr	   enrichment	   in	   emitted	   products	   distinctly	   evident	   since	   1970’s	  when,	  
from	  then	  on,	  etnean	  volcanics	  show	  a	  potassic	  affinity	  (Clocchiatti	  et	  al.,	  1988;	  Armienti	  et	  al.,	  1989);	  
Several	  hypothesis	  were	  suggested	  to	  clarify	  the	  causes	  for	  the	  ‘anomalous’	  short-­‐term	  increase	  of	  K,	  Rb,	  Cs	  and	  
87Sr/86Sr	  in	  erupted	  products	  since	  1970’s.	  Some	  of	  these	  include:	  the	  presence	  of	  an	  heterogeneous	  mantle	  source	  
(Armienti	  et	  al.,	  1989;	  Barbieri	  et	  al.,	  1993;	  Corsaro	  and	  Cristofolini,	  1996);	  a	  selective	  shallow-­‐contamination	  by	  
crustal	  material	  (Joron	  and	  Treuil,	  1984;	  Clocchiatti	  et	  al.	  1988;	  Tanguy	  et	  al.,	  1997);	  a	  progressive	  contribution	  of	  
supercritical	  fluids	  released	  from	  a	  deep	  and	  primitive	  magmatic	  source	  beneath	  the	  main	  feeding	  system	  of	  the	  
volcano	  (Ferlito	  et	  al.,	  2010)	  and	  finally	  the	  contribution	  of	  slab-­‐related	  fluids	  released	  from	  the	  subducting	  Ionian	  
slab	  (Schiano	  et	  al.,	  2001;	  Tonarini	  et	  al.,	  2001).	  
In	   this	   work	   we	   present	   one	   of	   the	   most	   comprehensive	   and	   homogeneous	   petrographical,	   geochemical,	  
crystallochemical	   and	   crystallographical	   database	   for	   etnean	   historic	   and	   modern	   activity	   covering	   about	   two	  
thousand	  years	  (from	  Mompeloso	  eruption,	  A.D.	  300±100	  to	  nowadays)(Branca	  et	  al.,	  2011a).	  Sampled	  lavas	  were	  
carefully	  investigated	  with	  modern	  techniques	  in	  order	  to	  provide	  clues	  for:	  	  
1)	  understanding	  the	  causes	  of	  magmas	  composition	  changes;	  	  
2)	  interpreting	  the	  complex	  processes	  affecting	  the	  etnean	  magma	  source/sources;	  














2.	  Geological	  and	  geodynamical	  frame	  of	  Mt	  Etna	  
	  
2.1	  Geological	  frame	  
	  
Sicily	  is	  a	  part	  of	  the	  Central-­‐Western	  Mediterranean	  area	  developed	  along	  the	  African-­‐European	  plate	  boundary	  
which	  links	  the	  Apennine	  and	  African	  Maghrebide	  mountain	  chains	  (fig.	  2.1).	  
	  
Figure	  2.1:	  Tectonic	  sketch	  of	  the	  Mediterranean	  area	  modified	  from	  Carminati	  and	  Doglioni	  (2004).	  
	  
The	   main	   compressional	   activity	   affecting	   this	   area	   began	   during	   the	   Oligocene/Early	   Miocene	   with	   a	  
counterclockwise	   rotation	   of	   the	   Corsica-­‐Sardinia	   block.	   This	   triggered	   the	   related	   northwestward	  
collision/subduction	  of	  the	  African	  plate	  beneath	  the	  Corsica-­‐Sardinia	  block	  and,	  finally,	  the	  simultaneous	  back-­‐arc	  
extension	   in	   the	  southern	  Tyrrhenian	  Sea	   (fig.	  2.2)	   (Gardiner	   et	  al.,	  1995;	  Wilson	  and	  Bianchini,	  1999;	  Carminati	  
and	  Doglioni,	  2004;	  Argnani,	  2009).	  	  
	  







Three	  main	  structural	  domains	  have	  been	  distinguished	  in	  this	  area:	  a	  hinterland	  domain,	  an	  orogenic	  domain	  and	  
a	   foreland	  domain	   (figg.	   2.3	  –	  2.4)	   (Ben	  Avraham	  and	  Grasso,	  1990;	   Lentini	   et	  al.,	   1996;	  Rosenbaum	  and	   Lister,	  
2004;	  Finetti	  et	  al.,	  2005).	  
	  
	  
The	  Hinterland	  domain,	  which	  extends	  north	  of	  Mt	  Etna,	  is	  characterized	  by	  both	  continental	  (Corsica	  –	  Sardinia	  
block)	   and	   young	   oceanic	   crust	   (Tyrrhenian	   Sea)	  which	   started	   forming	   during	   Serravallian	   (Lentini	   et	   al.,	   1996;	  
Finetti	  et	  al.,	  2005;	  Patacca	  and	  Scandone,	  2007).	  
The	  Orogenic	   domain	   is	   represented	   by	   the	   Southern	   Apennine	   chain	   and	   is	   roughly	   composed	   of	   two	   main	  
sectors	   showing	   different	   curvature:	   the	   straighter	   Southern	   Apenninic	   chain	   s.s.	   extending	   from	   Bocca	   di	   Forlì	  
(Isernia	   province)	   to	   the	   Pollino	   line	   (Calabria)	   and	   the	   curved	   Calabrian–Peloritani	   Arc	   (hereafter	   CPA)	   which	  
extends	  from	  the	  Pollino	  line	  to	  the	  Taormina	  line	  in	  northeastern	  Sicily	  (Patacca	  and	  Scandone,	  2007).	  The	  CPA	  is	  
in	  turn	  composed	  of	  three	  superimposed	  tectonic	  belts:	  the	  External	  Thrust	  System	  (ETS)	  belonging	  to	  an	  ‘African	  
domain’,	  the	  Apenninic–Maghrebian	  Chain	  (AMC)	  belonging	  to	  a	  ‘central	  domain’	  and	  the	  Kabilo–Calabride	  Chain	  
(KCC)	  belonging	  to	  a	  ‘European	  domain’	  (Lentini	  et	  al.,	  2000).	  
The	   Foreland	   domain	   includes	   the	   nearly	   undeformed	   continental	   blocks	   of	   Apulian	   Swell	   and	   Pelagian	   Block	  
which	  are	  separated	  by	  the	  Ionian	  oceanic	  basin.	  
The	   geodynamic	   frame	   is	   furthermore	   complicated	   (?)	   by	   Mt	   Etna	   that	   lies	   just	   at	   the	   front	   of	   the	   Southern	  
Apennine’s	   accretionary	   wedge	   in	   an	   anomalous	   position	   with	   respect	   to	   the	   arc	   and	   back-­‐arc	   magmatism	  
affecting	  the	  southern	  Tyrrhenian	  area	  (fig.	  2.3).	  






Figure	  2.4:	  Main	  structural	  domains	  in	  the	  Central	  Mediterranean	  Sea.	  Modified	  from	  Lentini	  et	  al.	  (2006).	  
2.1.1	  The	  foreland	  
Foreland	  domain	   is	   characterized	  by	   two	  distinct	   continental	   blocks	   (Apulian	   Swell	   and	  Pelagian	  Block)	   that	   are	  
separated	  by	  an	  oceanic	  basin	  (Ionian	  Basin)	  (fig.	  2.4).	  These	  are	  globally	  considered	  as	  sections	  of	  the	  African	  Plate	  
colliding/subducting	   under	   the	   European	   Plate	   (Grasso	   et	   al.,	   1983;	   Yellin-­‐Dror	   et	   al.,	   1997;	   Finetti	   et	   al.,	   2005;	  
Patacca	   and	   Scandone,	   2007).	   	   Foreland	   domain	   extends	   from	   Tunisia	   to	   Adriatic	   Sea;	   the	   transition	   between	  
continental	   and	   oceanic	   domains	   are	   marked	   by	   two	   conjugate	   passive	   margins,	   the	   Malta	   and	   Apulian	  
Escarpments	  that	  control	  the	  geodynamic	  evolution	  of	  the	  Central	  Mediterranean	  area.	  	  
Both	  Apulian	  Swell	  and	  Pelagian	  Block	  are	  characterized	  by	  a	  20-­‐30	  km	  thick	  crystalline	  basement	  covered	  by	  5-­‐7	  
km	  of	  Meso-­‐Cenozoic	  sedimentary	  cover	  mainly	  composed	  by	  basinal	  carbonates	  (figg.	  2.6	  –	  2.8)	  (Scandone	  et	  al.,	  
1981;	  Bianchi	  et	  al.,	  1989;	  Ben	  Avraham	  and	  Grasso,	  1990;	  Burollet,	  1991;	  Yellin-­‐Dror	  et	  al.,	  1997;	  Finetti,	  2005;	  
Lentini	  et	  al.,	  2006;	  Patacca	  and	  Scandone,	  2007).	  
The	  Hyblean	  Plateau	  (hereafter	  HP)	  consists	  of	  a	  NE-­‐SW	  trending	  carbonatic	  horst	  representing	  an	  uplifted	  portion	  
of	   Pelagian	   Block	   outcropping	   just	   to	   the	   south	   of	   Mt	   Etna	   (fig.	   2.4).	   HP	   is	   kynematically	   separated	   from	   the	  
strongly	  bent	  northern	  area	   (beneath	  Apenninic-­‐	  Maghrebide	  units)	  by	   several	  NW-­‐SE	  and	  NE-­‐SW	   fault	   systems	  
that	  delimitate	  the	  Gela–Catania	  foredeep	  basin.	  HP	  consists	  of	  a	  pre-­‐Cambrian	  (?)	  crystalline	  basement	  (Burollet	  
et	  al.,	  1978)	  covered	  by	  a	  6	  km	  thick	  platform	  and	  slope-­‐to-­‐basin	  carbonates,	  pelagic	  carbonates	  and	  open	  shelf	  
clastic	   deposits	   (Mesozoic	   -­‐	   Cenozoic)	  with	   interbedded	  basic	   igneous	  products	   emplaced	   since	   the	   late	   Triassic	  
(fig.	  2.6)	  (Patacca	  et	  al.,	  1979;	  Bianchi	  et	  al.,	  1989;	  Tonarini	  et	  al.,	  1995;	  Lentini	  et	  al.,	  1996;	  Patacca	  and	  Scandone,	  
2007).	   Volcanics	   repeatedly	   found	   in	   these	   successions	   are	   thought	   related	   to	   two	  main	   tectonic	   episodes:	   the	  
Mesozoic	  extensional	  phase	  that	  affected	  the	  African	  margin	  and	  the	  Upper	  Miocene–Pleistocene	  tectonic	  activity	  
of	  Scicli	  Line,	  a	  N-­‐S	  dextral	  transform	  fault	  zone	  approximately	  parallel	  to	  MEFS	  (Bianchi	  et	  al.,	  1989;	  Longaretti	  et	  





Ionian	  Basin	   is	  a	  very	  deep	  depression	   that	   reaches	  nearly	   -­‐
4100	  m	  in	  the	  Messina	  Abyssal	  Plain.	  Recent	  CROP	  and	  heat	  
flow	  data	   confirm	   that	   the	   Ionian	  Basin	   is	   floored	  by	  an	  old	  
Permo-­‐Triassic	   oceanic	   crust	   covered	   by	   5	   km	   thick	   basinal	  
deposits	   known	   as	   Ionides	   Units	   	   (fig.	   2.7)	   (Catalano	   et	   al.,	  
2001;	   Carminati	   and	   Doglioni,	   2004;	   Finetti,	   2005).	   Deep	  
reflection	   seismic	   lines	   undoubtedly	   image	   the	   Ionian	   slab	  
dipping	   beneath	   the	   Calabrian	   Arc	   (Cernobori	   et	   al.,	   1996).	  
More	   interestingly	   the	   Ionian	   slab	   laterally	   ‘disappears’	  
beneath	  the	  Southern	  Apennine	  chain	  to	  the	  east	  and	  below	  
Sicily	  to	  the	  west	  (fig.	  2.5)	  (Barberi	  et	  al.,	  1974;	  Sartori,	  2003;	  







	   	  	  	  	  	  	  	  	  	  	   	  
	   	   	  	  
2.1.2	  The	  foredeep	  
Towards	  the	  northwest,	  several	  upper	  Tertiary	  NE-­‐SW	  trending	  normal	  faults	  bind	  the	  Hyblean	  Plateau	  (fig.	  2.4	  –	  
2.9).	  These	  faults	  originate	  from	  the	  Gela-­‐Catania	  Basin	  that	  is	  a	  narrow	  depression	  that	  has	  developed	  since	  the	  
Late	  Pliocene	  and	   is	  partially	  buried	  under	   the	   frontal	  nappes	  of	   the	  AMC.	  The	  Gela-­‐Catania	  Basin	  was	   filled	  by	  
Messinian	  evaporites	  and	  middle-­‐to-­‐late	  Pliocene	  sandy	  clays	  and	  pelagic	  marly	  limestones	  (Labaume	  et	  al.,	  1990;	  
Torelli	  et	  al.,	  1998;	  Catalano	  et	  al.,	  2011).	  
Figure	   2.5:	   P	   wave	   tomographic	   model	   of	   Calabria	   and	  
northeastern	   Sicily	   based	   on	   a	   high-­‐resolution	   regional	   array.	  
Modified	  from	  Faccenna	  et	  al.	  (2011).	  	  
Figures	   2.6à2.8:	   Schematic	   stratigraphic	   sections	   of	   Hyblean	  
plateau,	  Ionian	  Basin	  and	  Apulian	  Swell,	  respectively.	  	  
2.5	  




2.1.3	  The	  chain	  
The	   15	   km	   thick	   orogenic	   belt	   started	   forming	   during	   the	   Africa-­‐Europe	   collision	   in	   the	  Neogene	   (fig.	   2.4).	   It	   is	  
composed	  of	  three	  distinct	  superimposed	  tectonic	  belts:	  the	  lower	  External	  Thrust	  System	  (hereafter	  ETS),	  derived	  
from	  the	  detached	  and	  deformed	  sedimentary	  cover	  of	  African	  Plate,	  the	  Apenninic–Maghrebian	  chain	  	  (hereafter	  
AMC),	  generated	  by	  the	  imbrication	  of	  Alpine	  Tethys	  sedimentary	  successions	  (Ligurides,	  Sicilide,	  Panormide	  and	  
Ionide	  units)	   and	   the	  Kabilo–Calabride	   chain	   (hereafter	  KCC),	   originated	   from	  delaminated	  European	  plate	  units	  
(fig.	  2.9)	   (Lentini	  et	  al.,	  1994;	  Finetti	  et	  al.,	  2005;	  Patacca	  and	  Scandone,	  2007).	   In	  Sicily,	  as	  well	  as	   in	   the	  whole	  
Southern	  Apennine	   chain,	   the	  orogenic	  belt	   lies	   in	   a	   general	   duplex	   geometry	  where	  KCC	  overthrust	  AMC	  units	  
which	   in	   turn	   cover	   the	   ETS	   ones	   (Lentini	   et	   al.,	   2006).	   	   KCC	   units	   are	   sealed	   by	   Numidian	   Flysch	   (NF)	   that	   is	  
commonly	  found	  beneath	  Mt	  Etna	  roots	  as	  shown	  by	  well-­‐logs	  and	  seismic.	   It	   is	  characterized	  by	  a	  1-­‐2	  km	  thick	  
layer	   of	  Oligo-­‐Miocene	  darks	   clays	   and	  pale-­‐yellowish	  Aquitanian–Burdigaglian	   quartzarenites	  which	   occupy	   the	  
external	   portion	   of	   the	   Rif-­‐	   Tellian-­‐	   Atlas-­‐Southern	   Apennines	   belt.	   	   Depositional	   and	   mineralogical	   features	  
indicate	  that	  Numidian	  Flysch	  could	  represent	  the	  former	  continental	  rise	  sediments	  deposited	  at	  the	  foot	  of	  the	  
African	  plate	  slope	  (Wezel,	  1970).	  	  
	  
Figure	  2.9:	  Schematic	  crustal	  N-­‐S	  section	  of	  eastern	  Sicily	  through	  Mt	  Etna.	  Modified	  from	  Branca	  et	  al.	  (2011b).	  
2.2	  Geodynamic	  frame	  
As	  just	  seen	  above,	  Mt	  Etna	  lies	  on	  the	  ~30	  km	  thick	  Sicilian	  continental	  crust	  right	  at	  the	  boundary	  with	  the	  Ionian	  
Basin	  which	  underwent	  subsidence	  and	  consumption	  below	  the	  Calabrian	  Arc	  at	  some	  time	  during	  the	  Tertiary	  Age	  
(fig.	  2.2)(Finetti	  et	  al.,	  1996;	  Catalano	  et	  al.,	  2001).	  Transition	  from	  continental	  (Hyblean	  Plateau)	  to	  oceanic	  crust	  
(Ionian	  basin)	  within	   the	  African	  Plate	   is	   thought	  as	   the	  major	   responsible	   for	   the	  different	  geodynamic	   regimes	  
affecting	  this	  area.	  This	  transition	  is	  marked	  by	  Malta	  Escarpment	  Fault	  systems	  that	  can	  be	  roughly	  considered	  as	  
a	  normal	  fault	  that	  has	  been	  active	  since	  the	  Mesozoic	  Age	  (fig.	  2.10).	   It	  extends	  from	  the	  Heron	  Valley	  (Central	  
Mediterranean)	   to	   the	  Aeolian	   Islands	   (Vulcano	   -­‐	   Lipari	   -­‐	   Salina	  alignment)	  bordering	   the	   south-­‐eastern	  coast	  of	  
Sicily	  and	  the	  eastern	  flank	  of	  Mt	  Etna	  (Timpe	  Fault	  system)	  (fig.	  2.4)	  (Ogniben,	  1960;	  Scandone	  et	  al.,	  1981;	  Ben	  
Avraham	  and	  Grasso,	  1990;	  Gardiner	  et	  al.,	  1995;	  Doglioni	  et	  al.,	  2001;	  Carminati	  and	  Doglioni,	  2004;	  Catalano	  et	  
al.,	  2004;	  Finetti,	  2005;	  Lentini	  et	  
al.,	   2006;	   Rosenbaum	   et	   al.,	  
2008).	  
	  
Figure	   2.10:	   Tectonic	   evolution	   of	  
the	   Eastern	   Sicily	   –	   Ionian	   Sea	  
transition	  and	   related	  emplacement	  
of	   Mt	   Etna	   along	   the	   MEFS.	  






MEFS	   plays	   another	   important	   role	   in	   the	   Central	   Mediterranean	   area	   allowing	   the	   different	   curvature	   of	   the	  
Southern	   Apennine	   chain.	   In	   this	   view	   it	   can	   be	   explained	   as	   an	   expression	   of	   a	   non-­‐uniform	   retreat	   of	   the	  
subducting	   Ionian	   slab	   that	   produce	   a	   marked	   crust	   tearing	   in	   correspondence	   of	   the	   Calabrian-­‐Peloritani	   arc	  
where	   differential	   stresses	   are	   accommodated	  
through	   two	  main	   transfer	   faults:	   the	  Catanzaro	   line	  
to	  the	  west	  and	  the	  MEFS	  to	  the	  east	  (fig.	  2.4	  –	  2.11).	  	  
(Lentini	   et	   al.,	   2002;	   Carminati	   and	   Doglioni,	   2004;	  
D'Orazio	   et	   al.,	   2007;	   Devoti	   et	   al.,	   2011).	   In	   this	  
framework,	   MEFS	   could	   have	   the	   role	   of	   a	   trench-­‐	  
perpendicular	   tear	   fault	   allowing	   the	   SSE-­‐ward	  
migration	   of	   the	   arc	   front	   at	   the	   expense	   of	   the	  
oceanic	   Ionian	   basin	   (fig.	   2.11)	   (Hirn	   et	   al.,	   1997;	  
Gvirtzman	   and	   Nur,	   1999;	   Wortel	   and	   Spakman,	  
2000;	   Doglioni	   et	   al.,	   2001;	   Rosenbaum	   et	   al.,	   2008;	  
Argnani,	  2009).	  
MEFS	  also	  divides	  CPA	  into	  two	  different	  sectors:	  	  
1)	   the	  eastern	  sector	  characterized	  by	   the	  active	  calcalkaline	  volcanism	  of	   the	  Aeolian	   islands	  and	  by	   the	   Ionian	  
Basin	  partially	  subducted	  under	  the	  Calabrian	  Arc;	  	  	  
2)	  the	  western	  sector,	  in	  Sicily,	  	  where	  subduction	  is	  blocked	  and	  the	  region	  is	  in	  a	  collisional	  regime.	  	  
As	   seen	   above,	   the	   anomalous	   position	   of	  Mt	   Etna	   (with	   respect	   to	   arc	   and	  back-­‐arc	  magmatism),	   the	   regional	  
stress	   field	  exerted	  by	  Mt	  Etna	   itself	  and	   the	  presence	  of	  an	   intricate	   framework	  of	   fault	   systems	   in	   the	  etnean	  
area	  such	  as	  the	  NNE-­‐SSW	  Scicli	  Fault,	  the	  NE-­‐SW	  Comiso	  -­‐	  Messina	  Fault	  System,	  the	  E-­‐W	  Mt	  Kumeta-­‐	  Alcantara	  
Fault,	  the	  N-­‐S	  Timpe	  Fault	  System	  and	  the	  S,	  W	  and	  NE	  Rift	  Zones,	  have	  led	  many	  geologists	  to	  speculate	  about	  the	  
geodynamic	  and	  volcanological	  frame	  of	  eastern	  Sicily	  	  (fig.	  2.12)	  (Bianchi	  et	  al.,	  1989;	  Azzaro	  and	  Barbano,	  1996;	  
Hirn	  et	  al.,	  1997;	  Chiarabba	  et	  al.,	  2000;	  Doglioni	  et	  al.,	  2001;	  Serri	  et	  al.,	  2001;	  Bousquet	  and	  Lanzafame,	  2004;	  
Schiavone	  and	  Loddo,	  2007).	  	  
	  
Figure	  2.12:	  Structural	  sketch	  of	  eastern	  Sicily	  modified	  from	  Bianchi	  et	  al.	  (1989).	  Major	  fault	  systems	  are	  reported	  in	  red.	  
Figure	  2.11:	  Simplified	  3-­‐D	  sketch	  of	  the	  subducting	  lithosphere	  
beneath	   Italy	   showing	   the	  approximate	   spatial	   distribution	  of	  
tear	   faults	   and	   tear-­‐	   related	   and	   slab	   breakoff-­‐related	  







For	   these	   reasons	   several	   hypotheses,	   often	   very	   different	   from	   each	   other,	   were	   proposed	   during	   the	   last	   50	  
years	  trying	  to	  explain	  the	  genesis	  and	  the	  uprise	  of	  magma	  in	  such	  a	  complex	  geodynamic	  scenario.	  A	  summary	  of	  
these	  theories	  is	  given	  below:	  
	  
• Frazzetta	  and	  Villari	   (1981)	   recognized	  a	  E-­‐W	  trending	  regional	  shear	  zone	  affecting	  Messina	  Strait	  area	  
that	  could	  facilitate	  the	  genesis	  and	  rise	  of	  magma	  in	  eastern	  Sicily;	  	  	  
• Tanguy	  et	   al.	   (1997),	  Clocchiatti	  et	  al.	   (1998),	   and	  Schiano	  et	  al.	   (2001)	  accordingly	  on	  petrological	   and	  
volcanological	  data	  suggested	  a	  plume-­‐related	  origin	  for	  Etnean	  magmas	  (active	  rifting)	  while	  
• Di	  Geronimo	  et	  al.	  (1978),	  Monaco	  et	  al.	  (2005),	  Catalano	  et	  al.	  (2008b),	  Gillot	  et	  al.	  (1994)	  and	  Continisio	  
et	  al.	  (1997)invoked	  passive	  rifting	  processes;	  
• Cadoux	  et	  al.	  (2007)	  on	  hypothesized	  lower	  mantle	  ‘diaphyrs’	  uprising	  beneath	  Etna;	  
• Hirn	  et	  al.	  (1997),	  Gvirtzman	  and	  Nur	  (1999)	  and	  Doglioni	  et	  al.	  (2001)	  found	  evidence	  of	  slab	  windowing	  
processes	  affecting	  the	  subducting	  Ionian	  basin	  beneath	  CPA;	  
• McGuire	   et	   al.	   (1997)	   and	   Gresta	   et	   al.	   (1998)	   identified	   the	   distensional	   regime	   induced	   by	   the	  


































3.	  Volcanological	  and	  petrological	  evolution	  of	  Mt	  Etna	  
	  
The	  modern	  interpretation	  of	  the	  volcanological	  evolution	  of	  Mt	  Etna	  is	  based	  on	  the	  early	  work	  of	  Waltershausen,	  
who	   first	   found	   remains	   of	   an	   ancient	   volcano	   in	   Valle	   del	   Bove	   which	   he	   named	   Trifoglietto	   (Waltershausen,	  
1880).	  Later	  on,	  in	  the	  second	  half	  of	  the	  20th	  century,	  as	  a	  result	  of	  several	  geological	  surveys	  done	  inside	  Valle	  del	  
Bove	   (Klerkx,	   1963,	   1968),	   several	   authors	   proposed	   different	   stratigraphic	   reconstructions	   of	   Mt	   Etna	   activity	  
(Rittmann	   and	   Sato,	   1973;	   Romano,	   1982;	   Chester	   et	   al.,	   1985;	   Kieffer	   and	   Tanguy,	   1993;	   Corsaro	   et	   al.,	   2002;	  
Branca	  et	  al.,	  2004;	  ISPRA,	  2010;	  Branca	  et	  al.,	  2011a).	  
	  
In	  this	  work	  we	  follow	  the	  reconstruction	  made	  by	  (Branca	  et	  al.,	  2004)	  where	  Mt	  Etna	  activity	  is	  subdivided	  into	  
four	  major	  phases	  named	  Basal	  Tholeiitic	  (BT),	  Timpe	  (TP),	  Valle	  del	  Bove	  Centres	  (VDBC)	  and	  Stratovolcano	  (SP)	  
(fig.	  3.1	  and	  3.2).	  
	  
	  
Figure	   3.1:	   Scheme	   of	   etnean	   eruptive	   phases	   and	   their	  
outcropping	  areas.	  Modified	  from	  Branca	  et	  al.	  (2011a).	  
Figure	  3.2:	   Ideal	  section	   showing	  the	  eruptive	  phases	  of	  Mt	  
Etna	   and	   the	   relationships	   existing	   between	   the	  






3.1	  Basal	  Tholeiites	  
Eruptive	   activity	   in	   Etnean	   area	   began	   during	   the	  middle	   Pleistocene	   (∼500	   ka)	   with	   the	   emission	   of	   tholeiitic	  
basalts	   by	   fissure-­‐type	   eruptions	   in	   a	   shallow	   submarine	   and	   coastal	   environment	   (Basal	   Tholeiites,	   BT)	  
(Cristofolini,	  1972;	  Tanguy,	  1978).	  
This	  eruptive	  phase	  was	  characterized	  by	  two	  main	  magmatic	  pulses	  clustered	  around	  500	  and	  300	  ka,	  with	  the	  
emplacement	   of	   submarine	   volcanics	   and	   subaerial	   lava	   plateau,	   respectively.	   BT	   phase	   ended	   about	   200	   ka	  
according	  to	  radiometric,	  magnetic	  and	  stratigraphic	  data	  (Gillot	  et	  al.,	  1994;	  Del	  Negro	  and	  Napoli,	  2002;	  Branca	  
et	  al.,	  2008;	  Branca	  et	  al.,	  2011a).	  
BT	  products	  mainly	  consist	  of	  pillow	  lavas,	  hyaloclastitic	  breccias,	  subvolcanic	  bodies	  and	  subaerial	  lava	  flows	  that	  
crop	  out	  along	  the	  banks	  of	  the	  Simeto	  river	  on	  the	  western	  flank	  of	  Mt	  Etna	  (as	  subaerial	  lava	  plateau),	  and	  along	  
the	  Ionian	  coast	  near	  the	  villages	  of	  Acicastello	  and	  Acitrezza	  extending	  offshore	  in	  the	  nearby	  Ionian	  seafloor	  (as	  
submarine	  volcanics)	  (fig.	  3.1)	  (Cristofolini,	  1974;	  Cristofolini	  and	  Puglisi,	  1974;	  Chester	  and	  Duncan,	  1979;	  Tanguy	  
et	  al.,	  1997;	  Corsaro	  and	  Cristofolini,	  2000).	  
All	  BT	  products	  are	  usually	  emplaced	  in	  the	  early-­‐middle	  Pleistocene	  marly-­‐clays	  filling	  Gela-­‐Catania	  Foredeep	  (Di	  
Stefano	  and	  Branca,	  2002).	  
	  
Petrography,	  mineral	  chemistry	  and	  geochemistry	  
	  
BT	  subaerial	  flows	  and	  pillow	  lavas	  are	  characterized	  by	  a	  porphyritic	  texture	  with	  a	  porphyritic	  index	  (P.I.:	  vol.%,	  
area	   %	   phenocrysts/	   total	   volume,	   area	   of	   rock/thin	   section)	   up	   to	   20	   vol.%with	   phenocrysts	   of	   bytownitic	   to	  
labradoritic	  plagioclase,	  skeletal	  olivine	  (Fo87-­‐57)	  and	  Ti-­‐magnetite	  (Usp39).	  The	  groundmass	  shows	  the	  same	  mineral	  
assemblage	  with,	   in	   addition,	   abundant	   diopsidic	   to	   augitic	   clinopyroxene	   dip	   in	   a	   characteristic	   hyalopilitic-­‐to-­‐
glassy	  texture	  (Chester	  et	  al.,	  1985;	  Corsaro	  and	  Pompilio,	  2004b).	  
Subvolcanic	  products	  show	  sub-­‐ophitic	  to	  ophitic	  texture	  characterized	  by	  large	  poikilitic	  clinopyroxenes	  (up	  to	  5	  
mm)	   ranging	   in	   composition	   from	   Al-­‐augite	   to	   Al-­‐diopside	   enclosing	   abundant	   plagioclase	  microcrysts	   (An95-­‐58).	  
Millimetric	  olivine	  (Fo81)	   is	  usually	  altered	  in	  iddingsite	  and	  rich	  in	  chromite	  inclusions.	  Microlites	  of	  Ti-­‐magnetite	  
are	  enclosed	  in	  both	  clinopyroxene	  and	  plagioclase	  and	  scattered	  in	  the	  groundmass	  (Cristofolini,	  1972;	  Cristofolini	  
et	  al.,	  1973;	  Tanguy,	  1978;	  Corsaro	  and	  Pompilio,	  2004b).	  
BT	   products	   show	   limited	   but	   distinct	   geochemical	   variation	   ranging	   from	   primitive	   olivine-­‐normative	   to	   more	  
evolved	  quartz-­‐normative	  tholeiitic	  basalts;	  K2O	  and	  MgO	  content	  vary	  between	  0.18	  -­‐0.66	  wt.%	  and	  6.9	  and	  10.3	  
wt.%,	  respectively	  (Chester	  et	  al.,	  1985).	  	  
BT	   volcanics	   show	   a	   trace	   element	   pattern	   characterized	   by	   large	   ion	   lithophile	   elements	   (hereafter	   LILE)	  
enrichment	   that	   is	   set	  apart	  by	  negative	  Cs,	  Rb	  and	  K	  anomalies	   in	  comparison	  to	  primordial	  mantle;	  chondrite-­‐
normalized	   rare	   earth	   element	   (hereafter	   REE)	   patterns	   show	   a	  marked	   light	   REE	   (hereafter	   LREE)	   enrichment	  
(Armienti	  et	  al.,	  2004).	  	  
Sr	  and	  Nd	  isotope	  ratios	  range	  from	  0.70304-­‐0.70369	  and	  0.512924-­‐0.51298,	  respectively.	  δ11B	  shows	  a	  moderate	  














3.2	  Timpe	  Phase	  (TP)
Between	   ∼220	   ka	   and	   121.2 ±7.5	   ka,	   about	   80	   ka	   after	   the	   end	   of	   the	   Basal	   Tholeiitic	   phase,	   volcanism	   in 
the etnean area	   resumed	   on	   the	   eastern	   and	   southeastern	   sector	   of	   Etna	   along	   a	   set	   of	   NNW-SSE	   trending	   
faults	   locally	  named	  Timpe.	  TP	  volcanism	  is	  thought	  to	  be	  related	  MEFS	  tectonic	  activity	  (Corsaro	  et	  al.,	  2002).	  In	   
this	  phase,	  which	  lasted	  from	  200	  to	  about	  120	  ka,	  the	  transition	  from	  subalkaline	  to	  alkaline	  affinity	  of	  Mt	  Etna	  
products is	  recorded	   (Corsaro	   and	   Mazzoleni,	   2002;	   Branca	   et	   al.,	   2008;	   Branca	   et	   al.,	   2011a).	  TP	   
succession	  is	  characterized	   by decametric	  tholeiitic to	  transitional affinity	  lava	  flows	  with	  interbedded thin	   
epiclastic	  deposits	  that	  gradually	  shift	  to	  a	  marked	  Na-alkaline	  affinity	  to	  the	  top;	   the	  entire	  succession	  is	   
marked	  by	  an	  erosional	  unconformity	  at	  the	  top	  (Busà	  and	  Cristofolini,	  2001;	  Corsaro	  and	  Pompilio,	  2004b;	  Branca 
et	  al.,	  2008).TP	  products	  actually	  outcrop	  on	  the	  lower	  southern	  and	  southeastern	  flank	  of	  Mt	  Etna	  near the	  villages	    
of	  Aci	  Trezza,	  Acrireale	  and	  the Timpe scarps.                                              
Paternò	  neck	  and	  the	  other	  alkaline	  volcanic	  products	  outcropping	  in	  the	   Piedimonte - Mt	  Nardello	   –	  S.	  Venera	   
area	   belong	   to	   this	   phase	   (Chester	   et	   al.,	   1985;	   Branca	   et	   al.,	   2004).	   
Petrography,	  mineral	  chemistry	  and	  geochemistry
TP	  products	  generally	  show	  a	  porphyritic	  texture	  (P.I.	  10 - 30	  vol.%.)	  with	  plagioclase	  phenocrysts	  (An82-57),	  augitic	   
to	   diopsidic	   clinopyroxene,	   olivine	   (Fo84-57)	   and	   Ti - magnetite	   (Usp39).	   Sparse	   fluorapatite	   microliths	   
(sometimes	   hosted	  in	  poikilitic	  olivine)	  and	  kaersutite	  phenocrysts	  relics	  with	  a	  showy	  opacitic	  rim	  can	  be	  found.	   
Groundmass	  is	  usually	  intersertal,	  but	  intergranular	  and	  cryptocrystalline	  textures	  are	  also	  present.	  Large	  spheroidal	  
mafic	  and	  ultramafic	   nodules	   (up	   to	   15	   cm)	   are	   commonly	   found	   within	   the	   basal	   products	   cropping	   out	   
along	   Timpa	   di	   Acireale	   (Busà	   and	   Cristofolini,	   2001;	   Corsaro	   et	   al.,	   2002).	  
As	   mentioned	   above	   in	   TP	   succession	   is	   recorded	   the	   transition	   from	   tholeiitic	   to	   Na - alkaline	   affinity	   
products.	  	   TP	  products	  show	  an	  incompatible	  trace	  element	  pattern	  rather	  similar	  to	  the	  BT	  phase	  with	  the	   
exception	  of	  LILE	  that	  result	  more	  enriched	  (Corsaro	  and	  Pompilio,	  2004b).	  Sr	  and	  Nd	  isotopes	  vary	  from	  0.703075	  –	  
0.703332	  and	  0.51288	  –	  0.512955,	  respectively	  (Armienti	  et	  al.,	  2004).	  
3.3	  Valle	  del	  Bove	  Centers	  
VDBC	   phase	   (93.0	   ±	   3.0	   ka	   –	   105.8	   ±	   4.5	   ka)	   products	   are	   represented	   by	   a	   200	   m	   thick	   succession	   made	   of	  
hawaiitic	  to	  benmoreitic	  lava	  flows.	  These	  flows,	  with	  minor	  pyroclastic	  deposits	  were	  erupted	  by	  several	  volcanic	  
centers	  located	  in	  the	  present	  Valle	  del	  Bove	  area	  (fig.	  3.3)	  (Klerkx,	  1968;	  Guest	  et	  al.,	  1985;	  McGuire,	  1985;	  Calvari	  
et	  al.,	  1994b;	  Coltelli	  et	  al.,	  1994;	  D'Orazio	  et	  al.,	  1997;	  Branca	  et	  al.,	  2011a).	  
The	  whole	  VDBC	  succession	  is	  exposed	  along	  the	  scarps	  of	  the	  homonymous	  valley	  (Valle	  del	  Bove)	  on	  the	  eastern	  
sector	  of	  the	  volcano.	  In	  this	  section	  are	  well	  exposed	  the	  remnants	  of	  several	  polygenetic	  volcanic	  edifices	  named	  
Rocca	  Capra,	  Cuvigghiun,	  Zoccolaro,	  Trifoglietto,	  Salfizio,	  Giannicola,	  Rocche,	  etc.	  (Klerkx,	  1968;	  Rittmann	  and	  Sato,	  
1973;	  Kieffer	  and	  Tanguy,	  1993;	  Gillot	  et	  al.,	  1994;	  De	  Beni	  et	  al.,	  2005;	  Branca	  et	  al.,	  2011a;	  Patanè	  et	  al.,	  2011).	  
3.3
Figure	  3.3:	  Schematic	  NW-­‐	  SE	  lithostratigraphic	  section	  of	  Valle	  del	  Bove.	  Some	  of	  the	  older	  volcanic	  centers	  are	  also	  
reported	  (dotted	  lines).	  Modified	  from	  Branca	  et	  al.	  (2011b).	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  VDBC	   activity	   shifted	   north-­‐westward	   with	   time,	   from	   the	   Val	   Calanna	   area	   towards	   the	   actual	   active	   centers	  
(Mongibello)	   (Calvari	  et	  al.,	  1994b;	  Coltelli	  et	  al.,	  1994;	  D'Orazio	  et	  al.,	  1997;	  Branca	  et	  al.,	  2011a;	  Tanguy	  et	  al.,	  
2012).	  
Petrography,	  mineral	  chemistry	  and	  geochemistry	  
VDBC	  products	  usually	  show	  a	  porphyritic	  texture	  (P.I.	  ∼	  20-­‐45	  vol.%)	  where	  millimetric	  to	  pluri-­‐centimetric	  zoned
and	   sieved	   plagioclases	   (An87-­‐38)	   are	   by	   far	   the	   most	   abundant	   phenocrysts	   (40-­‐70	   vol.%	   of	   phenocrysts).	  
Millimetric	  diopsidic	  to	  augitic	  clinopyroxene,	  usually	  very	  rich	  in	  oxides,	  is	  the	  second	  most	  abundant	  phase	  (10-­‐
30%	  vol.).	  Olivine	  (5-­‐	  20%	  vol.),	  usually	  rounded	  and	  sub-­‐millimetric	  in	  size,	  shows	  a	  composition	  between	  Fo69-­‐90.	  
Abundant	   Ti-­‐magnetite	   (5-­‐10	   vol.%)	   microlites	   (Usp64-­‐50),	   and	   sparse	   Mg-­‐hastingsite/	   pargasitic	   amphibole	  
phenocrysts,	  with	   a	   characteristic	   thick	   breakdown	   rim,	   are	   also	   present	   (D'Orazio	   et	   al.,	   1997).	  VDBC	  products	  
range	  in	  composition	  from	  hawaiite	  to	  benmoreite	  generally	  showing	  low	  MgO	  content,	  usually	   less	  than	  6	  wt.%	  
(Lopez	  et	  al.,	  2006).	  	  
Silica	   saturation	   is	   highly	   variable,	   ranging	   from	   the	   Ne-­‐normative	   products	   of	   Giannicola	   volcano,	   the	   Ol-­‐
normative	  of	  Tarderia	  and	  finally	  qtz-­‐normative	  volcanics	  of	  Cuvigghiuni,	  Trifoglietto	  and	  Salfizio	  centers	  (Corsaro	  
and	  Pompilio,	  2004b;	  Lopez	  et	  al.,	  2006).	  	  
Mantle	   normalized	   trace	   elements	   concentration	   pattern	   is	   quite	   similar	   to	   TP	   products;	   Sr	   and	   Nd	   isotopic	  
composition	  of	  VDBC	  products	  range	  respectively	  from	  0.703075	  -­‐	  0.703471	  and	  0.512780	  –	  0.512955	  (D'Orazio	  et	  
al.,	  1997;	  Tanguy	  et	  al.,	  1997;	  Armienti	  et	  al.,	  2004).	  
3.4	  Stratovolcano	  Phase	  
SV	   phase	   started	   about	   80	   ka	   ago	  when	   the	  main	   feeding	   system	   shifted	   again	   to	   the	   northwest	   reaching	   the	  
current	   central	   crater	   area.	   SV	   phase	   products	   are	   mainly	   represented	   by	   lava	   flows	   with	   interbedded	   minor	  
pyroclastic	   deposits	   derived	   from	   strong	   explosive	   activity;	   all	   SV	   products	   cover	  more	   than	   90%	   of	   the	   edifice	  
surface	  (fig.	  3.1)	  (Coltelli	  et	  al.,	  2000;	  Branca	  and	  Del	  Carlo,	  2004;	  Branca	  et	  al.,	  2011a;	  De	  Beni	  et	  al.,	  2011).	  During	  
this	  phase,	  two	  main	  volcanic	  edifices	  were	  built:	  Ellittico	  and	  Mongibello.	  
Ellittico	  activity	  was	  mainly	  centered	  on	  the	  summit	  area	  (even	  if	  some	  relevant	  lateral	  eruptions	  are	  recorded,	  see	  
Andronico	  et	  al.	  (2001);	  Branca	  et	  al.	  (2009))	  while	  Mongibello	  activity	  was	  characterized	  by	  both	  summit	  and	  flank	  
eruptions.	   As	   said	   in	   the	   introduction,	   Mongibello	   vents	   clustered	   along	   three	   major	   axis	   corresponding	   to	  
weakness	   zones	   of	   the	   volcanic	   edifice	   named	  NE,	   S	   and	  W	  Rift	   Zones	   (Borgia	   et	   al.,	   1992;	   Kieffer	   and	   Tanguy,	  
1993;	  Tibaldi	  and	  Groppelli,	  2002;	  Bousquet	  and	  Lanzafame,	  2004).	  	  
Ellittico	  volcano	  was	  active	  from	  about	  80	  ka	  to	  15	  ka	  ago:	  this	  phase	  was	  also	  characterized	  by	  the	  emplacement	  
of	  the	  most	  evolved	  products	  ever	  emitted	  in	  etnean	  history	  (trachytes).	  	  Ellittico	  activity	  suddenly	  ended	  around	  
15	   ka	   ago	   when	   four	   caldera-­‐forming	   eruptions	   abruptly	   truncated	   the	   summit	   cone	   at	   about	   2850	   m.	   a.s.l.	  
forming	   the	   homonymous	   caldera	  whose	   rims	   are	   still	   visible	   (Coltelli	   et	   al.,	   1994;	   Branca	   and	  Del	   Carlo,	   2004;	  
Branca	  et	  al.,	  2011a	  ).	  
3.4
Figure	  3.4	  Mt	  Etna	  summit	  area	  seen	  from	  north.	  The	  Ellittico	  caldera	  rim	  is	  highlighted	  in	  yellow.	  Courtesy	  of	  Stefano	  Branca.	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Suddenly	  after	  the	  formation	  of	  Ellittico	  caldera	  a	  new	  vigorous	  activity	  quickly	  filled	  up	  the	  7	  km2	  depression	  with	  
the	   emplacement	   of	   more	   mafic	   products	   (Mongibello)	   (Del	   Carlo	   et	   al.,	   2004).	   Mongibello	   activity	   was	  
characterized	  by	  both	  effusive	  and	  explosive	  activity	  that	  has	  increased	  in	  frequency	  and	  magnitude	  during	  the	  last	  
four	   centuries;	   this	   increase	   has	   became	  more	   evident	   since	   1970’s	   (Coltelli	   et	   al.,	   2000;	   Branca	   and	  Del	   Carlo,	  
2004;	  Andronico	  and	  Lodato,	  2005;	  Smethurst	  et	  al.,	  2009;	  Proietti	  et	  al.,	  2011).	  
Mt	  Etna	  morphology	  was	  dramatically	  modified	  by	  a	  disastrous	  collapse	  of	  its	  eastern	  flank	  that	  produced	  the	  Valle	  
del	  Bove	  depression	  (fig.	  1.1).	  Both	  the	  age	  and	  the	  cause/s	  of	  this	  event	  is	  still	  debated	  but	  recent	  studies	  have	  
hypothesized	  that	  it	  occurred	  between	  15000	  and	  3500	  ka	  ago	  (Guest	  et	  al.,	  1985;	  McGuire,	  1985;	  Coltelli	  et	  al.,	  
2000;	  Calvari	  et	  al.,	  2004;	  Deeming	  et	  al.,	  2010).	  Another	  catastrophic	  event	  occurred	  in	  122	  b.C.	  when	  a	  violent	  
basaltic	   plinian	   eruption	   truncated	   the	   summit	   portion	   of	   the	   cone	   forming	   the	   2	   km	   wide	   Cratere	   del	   Piano	  
caldera	  (Coltelli	  et	  al.,	  1998a).	  
Mongibello	  volcanics	  are	  subdivided	  in	  two	  major	  lithostratigraphic	  units	  (Branca	  et	  al.,	  2011a):	  
• Pietracannone	  formation,	  which	  includes	  products	  emitted	  prior	  to	  the	  122	  b.C.	  eruption,	  is	  characterized
by	  two	  main	  lithostratigraphic	  units/time	  intervals:
o ‘Lower	  member	   (l)	  post	  Ellittico	  caldera	   (15	  ka)	   -­‐	  FS	   lithohorizon	   (3930±60	  a)’	  à	   in	   this	  work	   i1
interval;
o ‘Upper	  member	  (u)	  post	  FS	  lithohorizon	  (3930±60	  a)	  –	  Il	  Piano	  caldera	  (122	  b.C.)	  ’	  à	  in	  this	  work
i2	  interval;
• Torre	  del	  Filosofo	  formation,	  which	  in	  turn	  includes	  historical	  and	  modern	  products:
o ‘post	  122	  b.C.	  plinan	  eruption-­‐1669	  A.D.	  eruption’	  à	  in	  this	  work	  i3	  interval;
o ‘post	  1669	  A.D.	  eruption	  –	  pre	  1971	  A.D.	  eruption’	  à	  in	  this	  work	  i4	  interval;
o ‘1971	  A.D.	  eruption	  –	  present’	  àin	  this	  work	  i5	  (and	  i5bis	  for	  the	  A.D.	  2000-­‐2012	  period)	  interval.
An	  exhaustive	  compilation	  of	  etnean	  eruptions	  during	  the	  Stratovolcano	  is	  given	  in	  the	  excellent	  work	  of	  Branca	  et	  
al.	  (2011b).	  
The	   most	   common	   lithotypes	   are	   nel normative	   to	   qtz - normative	   trachybasalts	   –	   hawaiites	   
characterized	   by	   aphyric	   to	   strongly	   porphyritic	   samples	   with	   abundant	   cml sized	   plagioclase,	   millimetric	  
clinopyroxene,	  olivine,	  and	  Ti - magnetite,	   all	   highly	   variable	   both	   in	   abundance	   and	   size	   (Chester	   et	   al.,	   
1985).	   A	   clearly	   visible	   potassium	   enrichment	   trend	   characterized	   the	   geochemistry	   of	   products	   emitted	   during	   
the	   lasts	   centuries	   (fig.7.58).	  This	  trend	  became	  more	  evident	  since	  1970’s	  when,	  from	  then	  on,	  K - trachybasalts	  
are	  continuously	  erupted.	  
87Sr/86Sr	   ranges	  between	  0.70329	  ±0.00002	  and	  0.704000	  ±0.000003	   showing	  a	  main	   increasing	   trend	  markedly	  
visible	  since	  i4	  time	  interval	  (Carter	  and	  Civetta,	  1977;	  Cristofolini	  et	  al.,	  1987a;	  Barbieri	  et	  al.,	  1993;	  Corsaro	  and	  
Cristofolini,	  1993;	  Marty	  et	  al.,	  1994;	  Condomines	  et	  al.,	  1995;	  Tanguy	  et	  al.,	  1997;	  Tonarini	  et	  al.,	  2001;	  Armienti	  
et	  al.,	  2004;	  Viccaro	  and	  Cristofolini,	  2008).	  143Nd/144Nd	  varies	  in	  a	  narrower	  range	  between	  0.512908	  ±0.000012	  
and	  0.512740	  ±0.000015	  showing	  a	  slight-­‐time	  dependence,	  obviously	  opposite	  to	  87Sr/86Sr.	  	  Overall,	  in	  Sr	  and	  Nd	  
isotopes	   diagram,	   etnean	   lavas	   erupted	   during	   the	   investigated	   period	   define	   a	   negative	   linear	   trend	   along	   the	  
mantle	  array	  (Armienti	  et	  al.,	  1989;	  Tonarini	  et	  al.,	  1995;	  Peccerillo,	  2005;	  Viccaro	  and	  Cristofolini,	  2008;	  Corsaro	  et	  
al.,	  2009a).	  	  
Lead	  isotopes	  ratios:	  206Pb/204Pb,	  207Pb/204Pb,	  208Pb/204Pb	  ratios	  ranges	  between	  19.73	  and	  19.93,	  15.62	  and	  15.73,	  
39.44	  and	  39.72	  respectively	  (Gasperini	  et	  al.,	  2002;	  Viccaro	  and	  Cristofolini,	  2008;	  Nicotra	  and	  Viccaro,	  2012).	  	  
Oxygen	   isotope	  data	   (δ18O)	   for	  Torre	  del	   Filosofo	  products	   range	  between	  +7.0‰	  and	  +6.5‰	  (standard	  error	   is	  
±0.3‰)	   showing	   a	   negative	   correlation	   with	   87Sr/86Sr	   (Viccaro	   and	   Cristofolini,	   2008).	  
Available	  δ11B	  data	   range	  between	   -­‐3.46	  and	   -­‐7.91	   (standard	  error	   is	   	  ±	  0.5‰).	  As	   for	  δ18O,	  δ11B	  shows	  positive	  
correlation	  with	  	  87Sr/86Sr	  and	  slightly	  negative	  with	  143Nd/144Nd	  (Tonarini	  et	  al.,	  2001).	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4. Rationale
The	   aim	   of	   this	   work	   is	   to	   provide	   further	   information	   to	   decipher	   the	   complex	   processes	   related	   to	   Mt	   Etna	   
magmatism	  by	  deeply	  investigating	  historical	  and	  modern	  lavas	  with	  contemporary	  techniques.	  Homogeneous	  and	  
detailed	   analyses	   of	   sampled	   products	   will	   provide	   an	   exhaustive	   and	   modern	   geochemical	   database	   of	   etnean	   
historical	  magmatism	  which	  could	  be	  used	  as	  a	  solid	  foundation	  for	  petrological	  speculations.	  
To	  achieve	  this	  goal,	  we	  performed	  an	  exhaustive	  sampling	  of	   the	  historical	  products	  of	  Mt	  Etna	  covering	  about	  
2000	  years	  of	  activity.	  
We	  sampled only	  lava	  flows,	  discarding	  scoriae,	  lapilli	  and	  ashes	  due	  to	  the	  facts	  that:	  
• lava	  flow	  are easier	  to	  identify	  in	  the	  field;
• they	  are	  usually	  less	  weathered	  with	  respect	  to	  the	  other	  products,	  preserving	  	  their	  characteristics better 
through	  time;
• they	  are	  almost	  continuously	  emitted	  throughout	  the	  investigated	  period.
Even	  though	   one	   single	   lava	   sample	   may	   not	   be	   considered representative	   of	   all the	   whole	   eruption	   
products	   and	  	  processes	  that occurred	  to	  a	  batch	  of	  magma	  rising	  through	  the	  crust	  and	  slowly	   cooling	  on the 
surface, the extraordinary ‘first - grade’ homogeneity/linearity of etnean products during the investigated period  
(Tanguy,  1980;  Joron  and  Treuil,  1984;  Corsaro  and  Cristofolini,  1993;  Tanguy  et  al.,  1997;  Corsaro  and  
Pompilio, 2004b; Branca and Del Carlo, 2005; Branca et al., 2008)	  led	  us	  to	  consider	  one	  single 
	  sample	  satisfactory	  enough  to	  get	  a	  glimpse	  of	  etnean	  historical	  activity.	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Figure	  5.1:	  Sampling	  location	  for	  etnean	  
historical	  and	  modern	  eruptions.	  
Figures	  5.2	  –	  5.3	  Mission	  planning	  using	  
Google	  Earth™	  maps	  overlay.	  
5. Sampling	  survey
In	  order	  to	  accurately	  plan	  our	  sampling	  campaign	  and	  precisely	  date	  each	  sampled	  lavas,	  we	  first	  collected	  all	  the	  
available	  data	  about	  historical	  and	  modern	  eruptions.	  	  
We	   then	   digitalized	   and	   georeferenced	   all	   the	   available	  maps	   (Romano,	   2000a,	   b;	   Branca,	   2004;	   Tanguy	   et	   al.,	  
2007;	  Catalano	  et	  al.,	  2009;	  ISPRA,	  2010;	  Branca	  et	  al.,	  2011a;	  Tanguy	  et	  al.,	  2012)	  using	  Google	  Earth™	  but,	  due	  to	  
the	  high	   anthropization,	  most	   of	   the	   flows	   result	   covered	  by	   fields,	   cities	   and	   infrastructures.	   To	  overcome	   this	  
issue	  and	  optimizing	  times	  and	  costs,	  we	  ‘walked’	  (whenever	  possible)	  on	  the	  selected	  flows	  using	  Google	  Street	  
View™	  (figg.	  5.2	  à	  5.7).	  Once	  we	  found	  a	  good	  outcrop,	  we	  added	  a	  placemark	  and	  we	  exported	  them	  into	  our	  





Figures	  5.4	  à5.7:	  Google	  Street	  View	  ™	  images	  of	  the	  selected	  outcrop	  and	  ‘real’	  photos	  shot	  during	  our	  surveys.	  
Once	  reached	  the	  outcrops	  we	  systematically	  discard	  the	  visibly	  oxidized,	  weathered	  and	  scoriaceous	  portions	  of	  
the	  flows	  choosing	  the	  freshest	  and	  most	  homogeneous	  ones.	  We	  collected	  all	  samples	  annotating:	  sample	  name,	  
year	   of	   eruption,	   GPS	   coordinates,	   date	   and	   time,	   visible	   lithological	   characteristics	   and	   taking	   photos	   of	   the	  
outcrops.	  
This	  exhaustive	  survey	  led	  us	  to	  collect	  a	  total	  of	  59	  distinct	  flows	  emplaced	  from	  A.D.	  300	  to	  A.D.	  2011	  allowing	  us	  
to	  create	  a	  very	  complete	  database	  of	  etnean	  historical	  and	  modern	  lavas.	  The	  naming	  of	  the	  flows	  and	  their	  ages/	  








Figure	  5.8:	  Photo	  of	  the	  sample	  300	  outcrop.	  	  Figure	  5.9:	  Photo	  of	  the	  sample	  350	  outcrop.	  	  
Figures	  5.10	  –	  5.11:	  Google	  Street	  View	  ™	  screenshots	  of	  sample	  300	  and	  350	  outcrops.	  	  	  
Figure	  5.12:	  Google	  Earth	  ™	  map	  overlay	  (from	  Tanguy	  et	  al.,	  2012)	  showing	  the	  sampling	  sites	  for	  both	  eruptions.	  
	  
5.1	  Sampled	  lavas	  belonging	  to	  post	  122	  b.C.	  plinan	  eruption-­‐1669	  A.D.	  eruption	  interval	  (i3)	  
Monpeloso	  (A.D.	  300±100)	  flow	  –	  Sample	  300	  
This	  is	  the	  oldest	  flow	  we	  sampled	  in	  our	  surveys.	  We	  sampled	  the	  flow	  on	  the	  southern	  flanks	  of	  Monpeloso	  cone,	  
just	   few	   hundred	  meters	   north	   to	   Nicolosi	   town	   (figg.	   5.8	   –	   5.10	   –	   5.12).	   This	   lava	   is	   characterized	   by	   an	   ‘a-­‐a’	  
morphology.	  	  
S.G.	  La	  Punta	  (A.D.	  350±60)	  flow	  –	  Sample	  350	  
S.G.	  La	  Punta	  flow	  was	  collected	  at	  the	  western	  roots	  of	  Mt	  Serra	  between	  Trecastagni	  and	  Viagrande	  villages	  (figg.	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Murazzo	  Rotto	  (A.D.	  	  950±30)	  flow	  –	  Sample	  950	  
The	  Murazzo	  Rotto	  flow	  was	  sampled	  along	  the	  Strada	  Statale	  284	  road	  at	  the	  intersection	  with	  Quota	  Mille	  road,	  
few	  km	  south	  of	  Murazzo	  Rotto	  village	  (fig.	  5.13).	  The	  flow	  shows	  a	  ‘a-­‐a’	  morphology.	  	  
Mt	  Sona	  (A.D.	  1000±50)	  flow	  –	  Sample	  1020	  
Mt	  Sona	  eruption	  (1020	  sample)	  belongs	  to	  a	   lava	  outpoured	  from	  an	  eruptive	  fissure	  opened	  the	  southwestern	  
flank	  of	  Mt	  Etna	  at	  an	  altitude	  between	  1250	  and	  1170	  m	  a.s.l.	  1020	  sample	  was	  collected	  few	  hundred	  meters	  
east	  of	  Randazzo	  village,	  along	  the	  Strada	  Provinciale	  160	  road	  (fig.	  5.14).	  
Scorciavacca	  (A.D.	  1020±40)	  flow	  -­‐	  Sample	  1651	  RM	  
1651	  RM	  sample	  was	  collected	  from	  the	  Scorciavacca	  flow	  outcropping	  in	  the	  lower	  northeastern	  flank	  along	  the	  
Andronico	  Montargano	   road	   between	   the	   villages	   of	  Montargano	   and	   Presa	   (fig.	   5.15).	   The	  ∼10	   km2	  wide	   flow
shows	  a	  composite	  ‘a-­‐a’-­‐	  ropy	  morphology.	  	  
Mt	  Ilice	  (A.D.	  1030	  ±40)	  flow	  –	  Sample	  1030	  
1030	  sample	  belongs	  to	  the	  Mt	  Ilice	  flow	  in	  the	  lower	  eastern	  flank	  of	  Mt	  Etna.	  This	  ‘a-­‐a’	  flow	  extends	  for	  over	  10	  
km	  to	  the	  east	  reaching	  the	  Ionian	  Sea	  north	  to	  Santa	  Tecla.	   	  1030	  sample	  was	  picked	  in	  a	  parking	  area	  near	  the	  
village	  of	  Fleri	  (fig.	  5.16).	  
Mt	  Gallo	  (A.D.	  1060±50)	  flow	  –	  Sample	  1062	  





Mt	  Arsi	  di	  S.	  Maria	  (A.D.	  1160±20)	  flow	  	  –	  Sample	  1160	  
Mt	  Arsi	  di	  S.	  Maria	  flow	  is	  almost	  totally	  settled	  and	  built	  upon;	  1160	  sample	  was	  collected	  on	  a	  road	  cut	  near	  the	  
highway	  E45	  –	  Gravina	  tollgate	  (fig.	  5.18).	  	  
Linguaglossa	  (A.D.	  1180±20)	  flow	  –	  Sample	  1566	  RM12	  
1566	  RM12	  sample	  was	  collected	  on	  the	  eastern	  flank	  of	  Mt	  Etna	  along	  the	  Quota	  Mille	  road	  near	  the	  intersection	  
with	  Mareneve	  road	  (figg.	  5.19	  –	  5.20).	  The	  flow	  shows	  a	  complex	  ‘a-­‐a’	  –	  ropy	  morphology.	  
	  
	  
5.13	   5.14	  
Figures	   5.13à5.17:	   Outcrops	   of	   Murazzo	   Rotto,	   Mt	  
Sona,	   Scorciavacca,	   Mt	   Ilice	   and	   Mt	   Gallo	   flows	  
respectively.	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   5.16	  
5.17	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Mt	  Forno	  (A.D.	  1200±30)	  flow	  –	  Sample	  1595	  RM13	  
Just	   few	  hundred	  meters	  south	  of	   the	  Mt	  Gallo	   flow	  a	  narrower	  and	  younger	   ‘a-­‐a’	   lava	   field	  crops	  out.	  The	   lava	  
field	  extends	  to	  the	  southwest	  reaching	  the	  town	  of	  Adrano	  covering	  about	  9km	  in	  length.	  The	  eruptive	  center	  was	  
located	   at	   Mt	   Forno	   scoria	   cone	   on	   the	   southwestern	   flank	   of	   Mt	   Etna	   at	   1550	   m	   a.s.l.	  
1595	  RM13	  sample	  was	  picked	  just	  at	  the	  feet	  of	  Mt	  Intraleo	  along	  the	  Pista	  Altomontana	  forest	  road	  (figg.	  5.21	  –	  
5.22).	  
Mt	  Nero	  degli	  Zappini	  (A.D.	  1250±20)	  flow	  –	  Sample	  1250	  SLN	  
Sample	  1250	  SLN	  belongs	  to	  an	  ‘a-­‐a’	  lava	  flow	  located	  at	  piano	  Vetore	  on	  the	  southwestern	  flank	  of	  Mt	  Etna.	  The	  
eruptive	   fissure	  was	  oriented	  NNE-­‐SSW	  and	   it	   is	   formed	  by	  spatter	  ramparts	   located	  between	  1800	  and	  2000	  m	  
a.s.l.	  (Branca	  et	  al.,	  2011c).	  1250	  SLN	  sample	  was	  collected	  near	  the	  astrophysics	  observatory	  of	  Catania	  in	  Serra	  la	  
Nave	  area,	  just	  at	  the	  western	  roots	  of	  Mt	  Vetore	  (fig.	  5.23).	  	  
Montarello	  (A.D.	  1270±20)	  flow	  –	  Sample	  1250	  Mt	  Gorna	  
1250	  Mt	  Gorna	   sample	  belongs	   to	   a	  ∼	   3km	   long	   ‘a-­‐a’	   flow	   located	  on	   the	   lower	   southeastern	   flank	  of	  Mt	   Etna
north	   to	   the	  village	  of	  Pedara.	  The	  eruptive	  center	   is	  Mt	  Montarello,	  a	   small	   scoria	   cone	   located	  at	  900	  m	  a.s.l.	  
1250	  Mt	  Gorna	  sample	  was	  collected	  south	  of	  Cozzarelle	  village	  along	  the	  road	  connecting	  Cozzarelle	  and	  Pedara	  
(fig.	  5.24).	  	  
A.D.	  1284-­‐1285	  flow	  –	  Sample	  1284-­‐85	  RM13	  
The	  1284-­‐1285	  lava	  field	  crops	  out	  on	  the	  lower	  eastern	  flank	  of	  Mt	  Etna	  near	  the	  village	  of	  Milo	  and	  Caselle.	  The	  
flow	  shows	  a	  complex	  ‘a-­‐a’	  -­‐	  ropy	  morphology	  with	  well-­‐developed	  lava	  tubes	  but	  unfortunately	  it	  is	  almost	  totally	  
covered	  by	  soil.	  1284-­‐85	  RM13	  sample	  was	  collected	  along	  the	  Strada	  Provinciale	  59i	  road	  between	  the	  villages	  of	  
Milo	  and	  Ballo	  (figg.	  5.25	  –	  5.26).	  	  
A.D.	  1329	  flow	  –	  Sample	  C1329	  RM12	  
A.D.	  1329	  lava	  field	  crops	  out	  on	  the	  lower	  eastern	  flank	  between	  the	  villages	  of	  Monterosso,	  Fleri	  and	  S.	  Maria	  La	  
Stella.	  C1329	  RM12	  sample	  was	  collected	  along	  the	  road	  connecting	  Volta	  Nespola	  to	  Lavinaio	  villages	  (fig.	  5.27).	  	  
A.D.	  1408	  flow	  –	  Sample	  1408	  RM13	  
A.D.	  1408	   lava	   field	   is	  now	  highly	  anthropized	  but	  some	  poor-­‐quality	  outcrops	  can	  be	   found	  between	  Mt	  Troina	  
and	  Mt	  Arso	  north	  to	  Nicolosi	  and	  along	  the	  Provinciale	  171	  road	  between	  Pedara	  and	  Massa	  Annunziata	  villages.	  
1408	  RM	  13	  sample	  was	  collected	  along	  the	  Provinciale	  171	  road	  south	  of	  Pedara	  on	  a	  slightly	  oxidized	  road	  cut	  












Figure	  5.18:	  Photo	  of	  Mt	  Arsi	  di	  S.	  Maria	  outcrop.	  	  	  
Figures	  5.19	  –	  5.21:	  photos	  of	  Linguaglossa	  and	  Mt	  Forno	  flows	  outcrops.	  	  








	   	  














Figures	   5.23	   –	   5.24:	   Mt	   Nero	   degli	   Zappini	   and	  Montarello	  
flows	  outcrops.	  	  
Figures	   5.25	   –	   5.26:	   1284-­‐85	   RM13	   outcrop	   and	   Google	  
Earth™	  map	  overlay	  (from	  Tanguy	  et	  al.,	  2012)	  showing	  the	  
sampling	  site.	  	  
Figure	  5.27:	   C1329	   RM12	  outcrop	   location	   (from	  Tanguy	   et	  
al.,	  2012).	  	  
Figures	  5.28	  –	  5.29:	  1408	  RM13	  sample	  outcrop	  and	  Google	  
Street	  View™	  screenshot.	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Figures	  5.30	  –	  5.31:	  1607bis	  RM13	  outcrop	  and	  Google	  Street	  View	  ™	  screenshot.	  
Figure	  5.32:	  1610	  RM	  outcrop.	  	  
Figure	  5.33:	  Google	  Earth	  ™	  aerial	  view	  of	  the	  sampling	  sites	  on	  the	  western	  slope	  of	  Mt	  Etna.	  
	  
A.D.	  1603	  –	  1610	  flows	  	  –	  Samples	  1607bis	  RM13	  and	  1610	  RM	  
Between	  A.D.	   1603	   to	   1610	  Mt	   Etna	   activity	  was	   characterized	   by	   an	   almost	   continuous	   central	   craters	   activity	  
with	  frequent	  overflows	  that	  rapidly	  filled	  up	  Piano	  del	  Lago	  depression	  (Rodwell,	  1878;	  Tanguy	  et	  al.,	  2007).	  Both	  
1607bis	  RM13	  and	  1610	  RM	  samples	  were	  collected	  from	  the	  A.D.	  1603	  –	  1610	  flows	  along	  the	  Pista	  Altomontana	  
forest	  road	  near	  Mt	  Intraleo	  (figg.	  5.30	  à	  5.33).	  	  
	  
A.D.	  1614	  –	  1624	  flows	  –	  Sample	  1614-­‐24	  RM	  
1614-­‐24	  RM	  sample	  was	  collected	  on	  a	  road	  cut	  along	  the	  Quota	  Mille	  road	  near	  the	  intersection	  to	  Passopisciaro	  
(figg.	   5.34	   –	   5.35).	   A.D.	   1614	   –	   1624	   lava	   field	   is	   characterized	   by	   a	   complex	   pahoehoe	   morphology	   with	  
magnificent	   ropes,	  mega-­‐tumuli	   and	   lava	   tubes	  extending	   for	  over	   than	  100	   km2.	   The	  distal	   portion	  of	   the	   flow	  
reached	  ∼1000	  m	  a.s.l.	  halting	  close	  to	  Passopisciaro	  village	  (Greeley	  et	  al.,	  1983;	  Guest	  et	  al.,	  1984).
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A.D.	  1634	  –	  1636	  flow	  –	  Sample	  1634	  
1634	   sample	   was	   collected	   along	   Via	   Catania	   road	   north	   to	   Nicolosi	   (figg.	   5.36	   -­‐	   5.37).	   The	   lava	   field	   shows	   a	  
complex	  ‘a-­‐a’	  and	  ropy	  morphology	  characterized	  by	  tumuli	  and	  mega-­‐tumuli	  in	  the	  more	  flat-­‐slope	  portions.	  It	  is	  
interesting	  to	  note	  that	  the	  most	  ancient	  maps	  representing	  Mt	  Etna	  erupting	  belongs	  to	  this	  eruption	  (figg.	  5.38	  –	  
5.39)	  (Ciuccarelli	  and	  Guidoboni,	  2008).	  
	  
	  
	   	  
Figures	  5.36	  –	  5.37:	  A.D.	  1634-­‐	  1636	  lava	  outcrop	  and	  Google	  Earth™	  map	  overlay	  showing	  the	  sampling	  site.	  
Figures	  5.38	  –	  5.39:	  The	  most	  ancient	  drawings	  representing	  Mt	  Etna	  erupting,	  from	  Ciuccarelli	  and	  Guidoboni	  (2008).	  
A.D.	  1646	  –	  1647	  flow	  	  -­‐	  Sample	  1646	  RM12	  
1646	  RM12	  sample	  was	  collected	  on	  a	  road	  cut	  along	  the	  Quota	  Mille	  road,	  just	  1	  km	  south	  of	  Passopisciaro	  (figg.	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5.2	  Sampled	  lavas	  belonging	  to	  post	  1669	  A.D.	  eruption	  –	  pre	  1971	  A.D.	  eruption	  interval	  (i4)	  
A.D.	  1669	  flow–	  Sample	  1669	  RM	  	  
1669	  RM	  sample	  was	  collected	  on	  a	  road	  cut	  along	  the	  Strada	  Provinciale	  4ii	  road	  few	  meters	  south	  of	  Monti	  Rossi	  








Figure	  5.42:	  Map	  of	  the	  flow	  (Tanguy	  et	  al.,	  2007).	  







A.D.	  1689	  flow	  –	  Sample	  1689	  
A.D.	  1689	  was	  sampled	  few	  hundred	  meters	  west	  to	  Fornazzo	  village	  along	  the	  Mareneve	  road	  (figg.	  5.45	  –	  5.46).	  
This	  flow,	  nowadays	  almost	  totally	  buried,	  shows	  a	  ‘a-­‐a’	  morphology.	  
	  
	  
A.D.	  1763	  flows	  –	  Samples	  1763	  I	  RM12	  and	  1763	  II	  RM12	  
During	  A.D.	  1763	  two	  distinct	  flank	  eruptions	  occurred	  along	  both	  S-­‐Rift	  and	  W-­‐Rift.	  	  1763	  I	  and	  II	  RM12	  samples	  
were	   collected	   along	   the	   Pista	   Altomontana	   forest	   road	   just	   at	   the	   roots	   of	   Mt	   Mezza	   Luna	   and	   Mt	   Nuovo	  
respectively	  (figg.	  5.47à5.49).	  	  
	   	  
	  
Figures	  5.47	  –	  5.48:	  Outcrops	  of	  the	  1763	  flows	  (respectively).	  	  
Figure	  5.49:	  Google	  Earth™	  aerial	  view	  of	  the	  sampling	  sites.	  
5.45	   5.46	  
Figures	  5.45	  –	  5.46:	  1689	  sample	  outcrop	  and	  sampling	  site	  (ISPRA,	  2010).	  





A.D.	  1780	  flow	  –	  Sample	  1780	  RM	  
1780	  RM	  sample	  was	  collected	  south	  of	  Mt	  Nero	  degli	  Zappini	  along	  a	  branch	  of	  Pista	  Altomontana	   forest	   road	  
(figg.	  5.50	  –	  5.52).	  The	  flow	  shows	  a	  ‘a-­‐a’	  morphology.	  
A.D.	  1781	  –	  1809	  central	  craters	  eruptive	  phase	  –	  Samples	  A.D.	  1787	  RM	  and	  1723	  RM	  
During	  this	  long	  lasting	  eruptive	  phase,	  aseveral	  flows	  descended	  the	  western	  slopes	  of	  the	  volcano	  reaching	  the	  
roots	  of	  Mt	  Capre,	  Mt	  Nespole	  and	  Mt	  Leporello.	  1787	  RM	  and	  1723	  RM	  samples	  were	  collected	  along	  the	  Pista	  
Altomontana	  forest	  road	  near	  Mt	  Vituddi	  and	  Mt	  Palestra	  respectively	  (figg.	  5.51	  –	  5.52).	  	  
A.D.	  1792	  -­‐	  1793	  A.D.	  flow	  –	  Sample	  1792	  RM12	  
A.D.	  1792	  –	  1793	   lava	  was	  sampled	  along	  the	  Strada	  Provinciale	  92	  Zafferana	  Etnea	  –	  Rifugio	  Sapienza	  road	  few	  
hundred	  meters	  above	  Hotel	  Hemmaus	  at	  Zafferana	  Etnea	  (figg.	  5.53	  –	  5.55).	  	  
A.D.	  1809	  flow	  –	  Sample	  1809	  RM12	  
1809	  RM12	  sample	  was	  collected	  along	  the	  road	  connecting	  the	  village	  of	  Rovittello	  to	  the	  Quota	  Mille	  road	  (figg.	  
5.54	  –	  5.56).	  A.D.	  1809	  flow	  was	  almost	  totally	  buried	  under	  A.D.	  1911	  and	  1923	  lavas.	  	  
A.D.	  1832	  flow	  –	  Sample	  1832	  RM12	  
1832	  RM12	  sample	  was	  collected	  ∼	  1km	  to	  the	  north	  of	  Bronte	  town	  along	  the	  Circumetnea	  railway	  (figg.	  5.57	  –	  
5.59).	  Th	  flow	  shows	  a	  well	  developed	  ropy	  morphology.	  
A.D.	  1843	  flow	  -­‐	  Samples	  C1848	  RM	  and	  1843	  
C1848	   RM	   and	   1843	   samples	  were	   collected	   along	   the	   Pista	   Altomontana	   forest	   road	   east	   to	  Mt	  Nunziata	   and	  
south	  of	  Mt	  Egitto	  respectively	  (figg.	  5.58	  –	  5.60).	  	  
A.D.	  1852	  –	  1853	  Monti	  Centenari	  flow	  –	  Samples	  750	  and	  1852	  
750	  and	  1882	  samples	  were	  collected	  to	  the	  northwest	  of	  Ballo	  village,	  on	  the	  southwestern	  flank	  of	  Mt	  Etna	  (figg.	  
5.61	  –	  5.63).	  	  
A.D.	  1865	  Mt	  Sartorius	  flow	  –	  Sample	  1865	  RM12	  
1865	   RM12	   sample	   was	   collected	   along	   the	  Mareneve	   road	   connecting	   Fornazzo	   to	   Rifugio	   Citelli	   (figg.	   5.62	   –	  









5.50	   5.51	  
5.52	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5.56	  
5.55	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Figures	  5.50	  à 	  5.52:	  A.D.	  1780	  and	  1787	  flows	  and	  Google	  Earth	  ™	  aerial	  view	  of	  the	  sampling	  sites.	  
Figures	  5.53	  –	  5.55:	  A.D.	  1792	  flow	  and	  Google	  Street	  View™	  screenshot	  of	  the	  outcrop.	  




	   	  
	   	  
	   	  
	   	  
Figures	  5.57	  –	  5.59:	  A.D.	  1832	  flow	  and	  sampling	  location.	  
Figures	  5.58	  –	  5.60:	  A.D.	  1843	  outcrop	  and	  Google	  Earth™	  map	  overlay	  of	  the	  sampling	  site.	  
Figures	  5.61	  –	  5.63:	  A.D.	  1852	  lava	  flow	  and	  sampling	  location	  (from	  ISPRA,	  2010).	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A.D.	  1879	  flow	  –	  Sample	  1879	  	  
A.D.	   1879	   lava	  was	   sampled	  on	   the	   lower	  northern	   flank	   along	   the	   road	   connecting	  Passopisciaro	   to	   the	  Quota	  
Mille	  road	  (figg.	  5.65	  –	  5.66).	  The	  flow	  shows	  a	  complex	  ‘a-­‐a’	  –	  ropy	  morphology.	  
A.D.	  1886	  flow	  –	  Sample	  1537	  RM13	  
1537	  RM13	  sample	  was	  collected	  north	  to	  Nicolosi	  along	  the	  road	  connecting	  the	  Strada	  Provinciale	  92	  Nicolosi	  –	  
Rifugio	  Sapienza	  to	  Via	  Catania	  roads,	  few	  hundred	  meters	  above	  Mt	  Serra	  Pizzuta	  (figg.	  5.67	  –	  5.68).	  	  
A.D.	  1892	  flow	  –	  Samples	  1766	  RM	  and	  1892	  RM	  
1766	  RM	  and	  1892	  RM	  samples	  were	  collected	  at	  the	  western	  roots	  of	  Mt	  Serra	  Pizzuta	  Calvarina	  and	  along	  the	  
road	   connecting	   Strada	   Provinciale	  Nicolosi	   –	   Rifugio	   Sapienza	   92	   to	   via	   Catania	   roads	   respectively	   (figg.	   5.69	   –	  
5.70).	  
	  
Figures	  5.65	  –	  5.66:	  Photo	  of	  the	  A.D.	  1879	  outcrop	  and	  sampling	  location	  (from	  Tanguy	  et	  al.,	  2007).	  
Figures	  5.67	  –	  5.68:	  outcrop	  and	  Google	  Street	  View™	  screenshot	  of	  A.D.	  1886	  outcrop.	  











A.D.	  1910	  flow	  –	  Sample	  1910	  RM	  
1910	  RM	  sample	  was	  collected	  in	  correspondence	  of	  Strada	  Provinciale	  92	  Nicolosi	  –	  Rifugio	  Sapienza	  and	  Strada	  
Provinciale	  120	  roads	  intersection,	  2	  km	  north	  of	  Segreta	  village	  (figg.	  5.71	  –	  5.72).	  	  
A.D.	  1911	  flow	  –	  Sample	  1911	  RM12	  
1911	  RM12	  sample	  was	  collected	  on	  a	  road	  cut	  along	  the	  Strada	  Statale	  120	  between	  the	  villages	  of	  Rovittello	  and	  
Solicchiata	  (figg.	  5.73	  –	  5.75).	  The	  flow	  shows	  a	  complex	  ‘a-­‐a’/ropy	  morphology.	  
A.D.	  1923	  flow	  –	  Sample	  1923	  RM12	  
A.D.	   1923	   lava	  was	   sampled	   along	   the	  Quota	  Mille	   road	   few	   kilometers	   south	   to	   Rovittello	   village	   (figg.	   5.74	   –	  
5.75).	  
A.D.	  1928	  flow	  –	  Sample	  1928	  RM12	  
Sample	  1928	  RM12	  was	  collected	  from	  the	  main	  flow	  on	  a	  road	  cut	  along	  the	  Mareneve	  road,	  west	  to	  the	  Fornazzo	  
village	  (figg.	  5.76	  –	  5.77).	  	  
A.D.	  1942	  flow	  -­‐	  Sample	  C1942X	  RM	  	  
A.D.	  1942	  sample	  was	  collected	  on	   the	  southwestern	   flank	  of	  Mt	  Etna	  along	   the	  Pista	  Altomontana	   forest	   road,	  
between	  Mt	  Scavo	  and	  Mt	  Fontanelle	  (figg.	  5.78	  –	  5.79).	  	  
A.D.	  1947	  flows	  –	  Sample	  1947	  RM12	  
Sample	  1947	  RM12	  was	  collected	  on	  a	  road	  cut	  of	  Quota	  Mille	  road,	  south	  of	  Passopisciaro	  (figg.	  5.80	  –	  5.81).	  	  
A.D.	  1949	  flow	  –	  Sample	  1949	  
A.D.	   1949	   lava	  was	   sampled	  along	   the	  Pista	  Altomontana	   road,	   few	  hundred	  meters	  north	   to	   the	  Rifugio	  of	  Mt	  









Figures	   5.71	   –	   5.72:	   Photograph	   and	   location	   of	   A.D.	  
1910	  lava	  outcrop.	  
Figures	  5.73	  à 	  5.75:	  Photographs	  and	  sampling	  sites	  of	  
A.D.	  1911	  and	  1923	  (respectively)	  lavas.	  
Figures	   5.76	   –	   5.77:	   A.D.	   1928	   outcrop	   and	   Google	  










Figures	  5.78	  –	  5.79:	  View	  of	  the	  A.D.	  1942	  lava	  flow	  and	  
sampling	  site.	  
Figures	   5.80	   –	   5.81:	   A.D.	   1947	   sampled	   outcrops	   and	  
Google	  Street	  View™	  screenshot.	  
Figures	  5.82	  à 	  5.84:	  A.D.	  1949	  flow,	  Google	  Earth™	  aerial	  
view	  and	  map	  overlay	  (Romano,	  2000a).	  
5.81	  5.80	  







A.D.	  1950-­‐1951	  flow	  –	  Samples	  1950-­‐51	  RM12	  and	  C1950-­‐51	  RM13	  
1950-­‐51	  RM12	  and	  C1950-­‐51	  RM13	  samples	  were	  collected	  along	  the	  Mareneve	  road	  near	  the	  A.D.	  1979	  eruption	  
sanctuary	  and	  inside	  Valle	  del	  Bove	  respectively	  (figg.	  5.85	  à	  5.87).	  	  
A.D.	  1955	  -­‐	  1964	  central	  craters	  eruptive	  phase	  –	  Sample	  1964	  
1964	   sample	  belongs	  one	  of	   the	  western	  overflows	   related	   to	   the	  May	  1st	   –	  13th	  1964	  activity.	   The	   sample	  was	  
collected	  along	  the	  Pista	  Altomontana	  road,	  south	  of	  Mt	  Nunziata	  (figg.	  5.88	  –	  5.89).	  	  
	  
Figures:	  5.85à5.87:	  Photos	  of	  1950-­‐51	  RM12	  and	  C1950-­‐51	  RM13	  outcrops	  (respectively)	  and	  map	  location	  (from	  Tanguy	  et	  
al.,	  2007.	  









5.3	  Sampled	  lavas	  belonging	  to	  1971	  A.D.	  eruption-­‐Present	  interval	  (i5)	  
A.D.	  1971	  flows	  –	  Sample	  1971	  RM12	  
1971	  RM12	  sample	  was	  collected	  on	  a	  road	  cut	  along	  the	  Mareneve	  road	  few	  hundred	  meters	  ahead	  of	  A.D.	  1979	  











Figure	  5.60:	  A.D.	  1971	  photo	  of	  the	  sampled	  flow.	  
Figures	  5.61	  –	  5.62:	  Google	  Street	  View™	  screenshot	  and	  flows	  map	  overlay	  (from	  INGV	  CT,	  2010)	  showing	  the	  sampling	  site.	  	  





A.D.	  1974	  Mts	  De	  Fiore	  flows	  –	  Samples	  1974	  I	  RM	  and	  1974	  II	  
A.D.	  1974	  samples	  were	  collected	  just	  at	  the	  feet	  of	  Mt	  De	  Fiore	  I	  and	  II	  (figg.	  5.63à5.66);	  the	  flow	  shows	  a	  well	  




A.D.	  1974-­‐78	  NEC	  eruptive	  activity	  –	  Sample	  1978?	  
Sample	   1978?	   was	   collected	   from	   this	   eruptive	   phase	   lava	   flows	   along	   the	   Pista	   Altomontana	   forest	   road	   few	  
kilometers	  south	  of	  Mt	  Maletto	  (figg.	  5.67	  –	  5.69).	  	  
A.D.	  1979	  flow	  –	  Sample	  1979	  RM12	  
A.D.	   1979	  eruption	  was	   sampled	  along	   the	  Mareneve	   road,	  one	   km	   to	   the	  east	  of	   Fornazzo	   village	   (figg.	   5.68	  –	  





Figure	  5.63:	  Panoramic	  view	  of	  Monte	  de	  Fiore	  II	  (to	  the	  left)	  and	  Monte	  de	  Fiore	  I	  (to	  the	  right).	  






Figures	  5.67	  –	  5.69:	  	  A.D:	  1978	  lava	  flow	  photo	  and	  sampling	  site	  map	  overlay.	  From((Romano,	  2000a).	  
Figures	  5.68	  –	  5.70:	  Sampled	  block	  of	  A.D.	  1979	  flow	  and	  sampling	  site	  location.	  
	  
A.D.	  1981	  flow	  –	  Sample	  1981	  RM12	  
1981	  RM12	  sample	  was	  collected	  along	  the	  Quota	  Mille	  road	  near	  the	  Quota	  Mille	  farmhouse	  (figg.	  5.71	  à	  5.73).	  	  








5.73	  Figures	  5.71	  –	  5.72:	  A.D.	  1981	  sampled	   outcrop	  and	   Google	  
Street	  View™	  screenshot.	  
Figure	   5.73:	   A.D.	   1981	   flows	  
map	   (INGV	   Bulletins)	   and	  




A.D.	  1983	  flow	  –	  Sample	  1983*	  RM12	  
1983	  Lava	   field	   show	  an	   ‘a-­‐a’	   complex	  morphology	  consisting	  of	  numerous	  overlapping	  and	  adjacent	   lava	   lobes,	  
tumuli	  and	  lava	  tunnels.	  	  
1983*	  RM12	  sample	  was	  collected	  from	  a	  road	  cut	  along	  the	  Strada	  Provinciale	  92	  Nicolosi	  –	  Rifugio	  Sapienza	  road	  
few	  hundred	  meters	  north	  of	  Mt	  Manfrè	  (figg.	  5.74	  –	  5.75).	  	  
	  
A.D.	  1985	  flow	  –	  Sample	  1985	  RM13	  
1985	  RM	  13	  sample	  was	  collected	  from	  a	  southwestern	  branch	  of	  the	  main	  A.D.	  1985	  flow,	  few	  hundred	  meters	  






Figures	  5.74	  –	  5.75:	  1983*	  RM12	  sampling	  site	  (Google	  Earth	  ™	  
map	  overlay,	  from	  INGV	  CT	  website)	  and	  photo	  of	  the	  sampled	  
outcrop.	  
Figures	  5.76	  –	  5.77:	  A.D.	  1985	  flows	  Google	  Earth™	  aerial	  






A.D.	  1986	  -­‐	  1987	  flow	  –	  Sample	  C1986	  RM13	  
A.D.	  1986-­‐	  1987	  lava	  was	  sampled	  inside	  Valle	  del	  Bove	  ∼500	  meters	  south	  of	  Rocca	  Capra	  (figg.	  5.78	  –	  5.79).	  	  
A.D.	  1991-­‐1993	  flow	  –	  Sample	  1993	  
1993	  sample	  was	  collected	  near	  the	  sanctuary	  built	  at	  the	  head	  of	  the	  A.D.	  1991-­‐1993	  flow,	  few	  hundred	  meters	  




Figures	   5.78	   –	   5.79:	   C1986RM	   13	   outcrop	   and	   sampling	  
site	  (Google	  Earth™	  map	  overlay)	  (from	  INGV	  CT,	  1993).	  
Figures	   5.80	  –	   5.81:	  A.D.	  1991	  –	  1993	  outcrop	  photo	  and	  
sampling	   site	   Google	   Earth™	   map	   overlay	   (from	   ISPRA,	  
2010).	  
	  







A.D.	  1995-­‐2001	  central	  craters	  eruptive	  phase	  –	  Sample	  C1999	  RM	  
Sample	   C1999	   RM	  was	   collected	   on	   the	   western	   flank	   of	  Mt	   Etna	   along	   the	   Pista	   Altomontana	   forest	   road.	   It	  





A.D.	  2001	  flow	  –	  Sample	  2001	  RM13	  
2001	  RM13	  sample	  was	  collected	  near	  Rifugio	  Sapienza	  where	  the	  A.D.	  2001	   flow	  was	  cut	   to	  reopen	  the	  Strada	  
Provinciale	  92	  road	  and	  to	  create	  the	  new	  parking	  area	  (figg.	  5.84à5.86).	  	  
A.D.	  2002	  –	  2003	  flows	  –	  Samples:	  2003	  RM	  and	  2003	  RM12	  
A.D.	  2002	   -­‐	   2003	  products	  were	   collected	   from	   the	   southern	  and	   the	  northeastern	   flows	   (sample	  2003	  RM	  and	  
2003	  RM12	  respectively).	  2003	  RM	  sample	  was	  collected	  along	  the	  Pista	  Altomontana	  forest	  road	  at	  the	  northern	  
roots	  of	  Mt	  Denza	  on	  the	  southwestern	  flank	  of	  Mt	  Etna	  (figg.	  5.87	  –	  5.89)	  while	  2003	  RM12	  was	  sampled	  on	  a	  
road	  cut	  along	  the	  road	  to	  Piano	  Provenzana,	  on	  the	  northeastern	  flank	  (figg.	  5.88	  –	  5.90).	  
	  
Figures	  5.82	  –	  5.83:	  Sampling	  location	  (Google	  Earth™	  map	  overlay	  from	  INGV	  CT,	  2001)	  and	  September	  -­‐	  November	  1999	  










5.84	   5.85	  
5.86	  
Figures	  5.84	  –	  5.85:	  A.D.	  2001	  sampled	  outcrop.	  
Figure	  5.86:	  2001	  RM13	  sampling	  site	  aerial	  view	  (Google	  Earth™	  map	  overlay,	  from	  INGV	  CT	  2001)	  next	  to	  Rifugio	  Sapienza.	  
Figures	  5.87	  –	  5.89:	  A.D.	  2003	  southern	  flank	  flow	  outcrop	  and	  2003	  RM	  sampling	  site.	  
Figures	  5.88	  –	  5.90:	  A.D.	  2003	  northeastern	  flank	  flow	  outcrop	  and	  2003	  RM12	  sampling	  site.	  
	  
5.88	  5.87	  
5.89	   5.90	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A.D.	  2006	  flow	  –	  Sample	  2006	  
2006	  sample	  was	  collected	  in	  the	  central	  craters	  area,	  along	  the	  track	  connecting	  Torre	  del	  Filosofo	  to	  the	  summit	  
craters	  (‘Pista	  per	  i	  crateri’	  track)	  at	  ∼2960	  m	  a.s.l.	  (figg.	  5.91	  –	  5.92).
A.D.	  2009	  flow	  –	  Sample	  2009	  
Sample	  2009	  was	  collected	  from	  the	  front	  A.D.	  2009	  eastern	  flank	  flow	  inside	  Valle	  del	  Bove,	  ∼600	  m	  east	  to	  Rocca
Musarra.	  The	  A.D.	  2009	  flows	  show	  a	  complex	  morphology	  (figg.	  5.93	  –	  5.94).	  	  
Figures	  5.91	  –	  5.92:	  Photo	  of	  the	  October	  27th	  –	  November	  27th	  2006	  lava	  and	  location	  of	  the	  sampling	  site	  (from
INGV	  CT	  website.	  








A.D.	  2011	  flows	  –	  Sample	  2011	  
2011	  sample	  was	  collected	  on	  the	  upper	  southeastern	  flank	  of	  NSEC	  just	  500m	  under	  the	  NSEC	  crater	  at	  ∼2850	  m	  















Figures	  5.95	  –	  5.96:	  Photos	  of	  the	  April	  2011	  flow	  and	  sampling	  site.	  	  






6	  Analytical	  apparatus	  and	  procedures	  
We	  first	  dried	  the	  samples	  in	  oven	  over	  a	  night	  (about	  50°C)	  and	  split	  them	  in	  two	  portions,	  one	  was	  used	  to	  make	  
thin	  sections	  the	  other	  was	  crushed	  and	  pulverized	  for	  geochemical	  analyses.	  We	  crushed	  the	  samples	  in	  a	  disk	  mill	  
and	  jaws	  crusher	  obtaining	  granulates	  that	  were	  subsequently	  split	  again	  in	  two	  portions:	  one	  was	  carefully	  sieved	  
and	  cleaned	  in	  order	  to	  easily	  separate	  mineral	  phases	  while	  the	  other	  was	  pulverized	  (up	  to	  10	  micron)	  in	  agate	  
jars	  ready	  to	  chemical	  analyses.	  
6.1	  Major	  Elements	  
Major	   element	   compositions	  were	   obtained	   at	   Dipartimento	   di	   Scienze	   della	   Terra	   -­‐	   Università	   di	   Pisa	   by	   X-­‐ray	  
fluorescence	  (XRF)	  on	  a	  ARL	  9400	  XP+	  spectrometer	  on	  glass	  beads.	  We	  finely	  tuned	  the	  instrument	  to	  reach	  the	  
highest	  precision	  and	  accuracy	  by	   sequentially	   repeating	   (more	   than	  20	   times)	   the	  determination	  of	   an	   internal	  
standard	  (HE-­‐1)	  during	  the	  analytical	  routine.	  Estimated	  precision	  (relative	  standard	  deviation,	  RSD)	  is	  less	  than	  1%	  
for	  all	  major	  element	  except	  for	  low	  concentrations	  (~<0.60	  wt.%)	  for	  which	  it	  is	  1-­‐2%.	  
Loss	  on	   ignition	  (LOI)	  was	  determined	  by	  gravimetric	  methods	  at	  1000°C	  after	  preheating	  the	  powders	  at	  110°C;	  
LOI	  is	  usually	  less	  than	  0.5	  wt.%	  implying	  that	  samples	  are	  not	  significantly	  weathered.	  
6.1.1	  Iron	  Titration	  
Anomalously	  high	  fO2	  values	  for	  etnean	  magmas	  and	  gases	  were	  spottily	  reported	  in	  literature	  but	  unfortunately	  
no	  further	  investigations	  were	  made	  (Sato	  et	  al.,	  1973;	  D'Orazio,	  1993;	  D'Orazio	  et	  al.,	  1997).	  To	  best	  describe	  this	  
feature	   we	   determined	   Fe2O3/FeO	   ratio	   of	   39	   lavas	   using	   and	   improving	   the	   volumetric	   method	   (titration)	  
developed	  by	  Yokoyama	  and	  Nakamura	  (2002).	  
In	   contrast	   to	   direct	   titration	   methods	   where	   Fe2+	   is	   directly	   titrated	   during	   sample	   decomposition	   allowing	  
unintended	   sample	  oxidation	   (Grillot	   et	  al.,	   1964),	  back-­‐	   titration	  procedures	   such	  as	   those	  proposed	  by	  Wilson	  
(1955),	  Whipple	  (1974)	  and	  Yokoyama	  and	  Nakamura	  (2002)	  prevent	  uncontrolled	  Fe2+	  oxidation	  by	  the	  addiction	  
of	  an	  oxidizing	  agent	  (e.g.	  V5+)	  prior	  sample	  digestion.	  In	  the	  Yokoyama	  and	  Nakamura	  (2002)	  method,	  the	  ferrous	  
iron	  reacts	  with	  pentavalent	  vanadium	  according	  to	  the	  following	  redox	  reaction:	  
Fe2+	  +	  V5+	  =	  Fe3+	  +	  V4+	  
that	  proceeds	  to	  the	  right	  side	  in	  strongly	  acidic	  conditions	  (Ishibashi	  and	  Kusaka,	  1950).	  	  
The	   total	   amount	   of	   V4+	   reduced	   from	   V5+	   is	   equal	   to	   the	   total	   amount	   of	   Fe2+	   in	   the	   sample.	   Because	   V4+	   is	  
extremely	  resistant	  to	  oxidation	  and	  it	  does	  not	  back-­‐react	  to	  V5+	  during	  analytical	  procedure,	  Fe2+	  concentration	  in	  
the	  sample	  can	  be	  easily	  determined	  by	  measuring	  the	  unreacted	  V5+	  by	  adding	  excess	  Fe2+	  after	  sample	  digestion	  
and	  then	  titrating	  the	  unreacted	  Fe2+	  with	  Cr6+	  (Yokoyama	  and	  Nakamura,	  2002).	  
Whipple	   (1974),	   Amonette	   and	   Scott	   (1991)	   and	   Yokoyama	   and	  Nakamura	   (2002)	   improved	   both	   accuracy	   and	  
precision	  of	  Wilson’s	  method	  by:	  	  
§ continuous	  titration	  of	  reagents	  (V5+	  and	  Fe2+	  solutions);	  	  
§ precise	  determination	  of	  reagents	  concentrations;	  	  
§ calibrated	  amounts	  of	  sample;	  	  
§ strong	  acidic	  conditioning	  of	  sample	  solution;	  	  




Finally	  we	  further	  improved	  the	  Yokoyama	  and	  Nakamura	  (2002)	  method	  to	  obtain	  an	  even	  better	  precision	  and	  
accuracy	  by:	  
§ shortening	  the	  pulverization	  time	  to	  prevent	  sample	  oxidation	  by	  heating	  (10	  minutes);	  
§ using	  relatively	  small	  PFA	  crucibles	  (15ml);	  
§ calibrating	  digested	  sample	  heating	  time.	  
Reagents	  and	  apparatus:	  
Water:	  Deionized	   and	  purified	  water	   by	  Millipore	  Milli-­‐Q	  water	   purification	   system;	   specific	   resistance	  of	  water	  
was	  better	  than	  18.2	  MΩ·∙cm.	  
Titrant:	  1.96g	  of	  potassium	  dichromate	  (technical	  grade,	  Carlo	  Erba,	  Italy)	  was	  carefully	  weighed	  and	  dissolved	  in	  
1000	  ml	  H2O	  resulting	  in	  0.04N	  K2Cr2O7	  solution.	  The	  solution	  was	  repeatedly	  titrated	  with	  Fe
2+	  solution	  before	  any	  
analytical	  procedure.	  
Indicator:	  0.1	  g	  of	   sodium	  diphenylamine-­‐4-­‐sulfonate	   (ACS	  grade,	  Riedel	  De	  Haen,	   Switzerland)	  was	  dissolved	   in	  
water	  and	  diluted	  to	  50	  mL	  resulting	  in	  0.2%	  (v/v).	  The	  solution	  was	  stored	  in	  a	  30ml	  PFA	  dropping	  bottle.	  
H2SO4	  –	  H3PO4	  solution:	  200	  ml	  of	  18	  M	  H2SO4	  (analytical	  grade,	  Carlo	  Erba,	  Italy)	  was	  slowly	  added	  to	  200	  ml	  of	  
water	  while	  cooling	   in	  a	  water	  bath.	  Once	  cooled	  to	  room	  temperature,	  100	  ml	  of	  15M	  H3PO4	   (analytical	  grade,	  
Carlo	  Erba)	  was	  carefully	  mixed.	  
HF-­‐H2SO4	  attack	  solution:	  33.3	  ml	  of	  18M	  H2SO4	  was	  slowly	  added	  to	  86.7	  ml	  of	  28.7M	  HF	  (analytical	  grade,	  Carlo	  
Erba)	  while	  cooling	  in	  a	  water	  bath.	  Once	  cooled	  to	  room	  temperature	  it	  was	  stored	  in	  a	  150	  ml	  PE	  bottle.	  
H3BO3	   saturated	   solution:	  100g	   of	   H3BO3	   (analytical	   grade,	   Carlo	   Erba)	  was	   dissolved	   in	   500	  mL	  warm	  H2O	   and	  
stored	  in	  a	  1L	  PE	  bottle.	  
Fe2+	  solution:	  13.8g	  of	  ammonium	  iron(II)	  sulfate	  hexahydrate	  (puriss.,	  Sigma-­‐Aldrich,	  USA)	  was	  dissolved	  in	  100	  mL	  
1M	  H2SO4.	  Precise	  concentration	  was	  determined	  by	  titration	  before	  any	  analytical	  procedure.	  
V5+	  solution:	  4.69g	  of	  sodium	  metavanadate	  (Carlo	  Erba,	  98%)	  was	  dissolved	  in	  100	  mL	  of	  5M	  H2SO4	  and	  stored	  in	  a	  
150	  mL	  PE	  bottle.	  Precise	  concentration	  was	  defined	  by	  titration	  before	  any	  analytical	  procedure.	  
Burette:	  A	  laboratory	  digital	  burette	  (Digital	  Buret	   III,	  BRAND,	  Germany)	  with	  a	  25ml	  cylinder	  that	  allow	  spewing	  
the	  solution	   in	  0.01	  mL	  aliquots.	  The	  burette	  was	  carefully	  calibrated	  by	   repeatedly	  spewing	  and	  weighing	  5.00,	  
10.00,	  15.00,	  20.00,	  25.00	  ml	  of	  deionized	  and	  purified	  water	  when	  instrument	  and	  water	  are	  equilibrated	  at	  the	  
ambient	  temperature.	  The	  accuracy	  of	  the	  volume	  was	  within	  0.2%;	  precision	  was	  less	  than	  0.04%	  when	  5.00	  mL	  
of	  water	  was	  spewed.	  
Weighing	   system:	   Samples	  were	  weighed	  with	   a	   five-­‐digit	   Sartorius	   R160P	   electronic	   analytical	   balance	   (typical	  
uncertainty	  ±0.01mg).	  
Titration	  procedure	  
About	  0.1	  g	  of	  sample	  were	  carefully	  weighed	  on	  weighing	  paper	  and	  transferred	  into	  a	  15	  ml	  PFA	  crucible.	  Then	  
0.5	  ml	  of	  V5+	  solution	  was	  precisely	  weighed	  and	  added	  taking	  care	  that	  all	  the	  sample	  powder	  gets	  wet.	  One	  ml	  of	  
HF-­‐H2SO4	  solution	  was	  subsequently	  added,	  the	  crucible	  was	  tightly	  sealed	  and	  agitated	  in	  ultrasonic	  bath	  for	  20	  
min.	  The	  crucible	  was	  then	  heated	  overnight	  on	  a	  hot	  plate	  at	  100°C.	  After	  full	  sample	  decomposition,	  1	  ml	  of	  Fe2+	  
solution	   was	   carefully	   weighed	   and	   poured	   in	   a	   50	   ml	   volumetric	   flask	   with	   5ml	   of	   H2SO4-­‐H3PO4	   and	   7	   ml	   of	  
saturated	  H3BO3.	  All	  the	  decomposed	  material	  in	  the	  crucible	  was	  moved	  into	  the	  volumetric	  flask	  and	  diluted	  to	  50	  




V5+	   solution	   plus	   1	   ml	   of	   Fe2+	   solution	   were	   carefully	   weighed	   in	   two	   distinct	   flasks.	   5ml	   of	   H2SO4-­‐H3PO4	   was	  
subsequently	  added	  to	  each	  flask	  and	  then	  diluted	  to	  50	  ml.	  	  	  
Finally	  two	  drops	  of	  indicator	  were	  added	  and	  the	  solutions	  titrated;	  the	  mean	  of	  three	  successive	  titrations	  was	  
used	  as	  daily-­‐molar	  concentration	  of	  Fe2+	  and	  V5+	  stock	  solutions.	  
Once	  titrated	  the	  Fe2+	  and	  V5+	  solutions,	  the	  digested	  sample	  was	  transferred	  into	  a	  100	  ml	  beaker	  and	  two	  drops	  
of	  indicator	  were	  added.	  The	  resulting	  solution	  was	  then	  titrated	  by	  slowly	  adding	  0.01	  ml	  aliquots	  of	  K2Cr2O7.	  The	  
titration	  ended	  when	  the	  solution	  turns	  into	  a	  violet-­‐purple	  color.	  
The	  concentration	  of	  Fe2+	  in	  the	  sample	  was	  then	  calculated	  by	  the	  following	  equation:	  𝐹𝑒𝑂   𝑤𝑡% = (!!"!∙!!"!!!!∙!!!!!"∙!!")∙!.!"#!!"#$ 	  (eq.	  1.41)	  
Where	  vtit	  is	  the	  amount	  of	  titrant	  (ml);	  ctit	  is	  the	  normality	  of	  the	  titrant	  (N),	  cV	  and	  cFe	  are	  the	  molar	  concentration	  
of	   the	   V5+	   and	   Fe2+	   solution	   (mmol/g);	  wv,wFe,	  wsamp	   are	   respectively	   weights	   of	   V
5+	   solution,	   Fe2+	   solution	   and	  
sample	  (g).	  
Accuracy	  and	  precision	  
Analytical	  accuracy	  and	  precision	  were	  evaluated	  by	  repeatedly	  (23	  times)	  determining	  the	  FeO	  content	  of	  the	  GSJ	  
(Geological	   Survey	   of	   Japan)	   standard	   JB-­‐2	   (basalt).	   We	   obtained	   an	   average	   FeO	   value	   of	   10.03	   wt.%	   with	  
analytical	  error	  better	  than	  0.3	  (RSD%)	  (see	  table	  6.1).	  
Our	  results	  fit	  very	  well	  those	  presented	  by	  Yokoyama	  &	  Nakamura	  (2002)	  for	  JB-­‐2	  standard	  (10.04±0.03	  	  wt.%	  of	  
FeO)	   that	   differs	   from	   GSJ	   reference	   value	   of	   9.98±0.3	   wt.%	   	   FeO.	   Detection	   limit	   of	   this	   method	   is	   mostly	  
attributed	  to	  the	  uncertain	  of	  the	  amount	  of	  titrant	  solution	  used	  in	  the	  procedure.	  Accordingly	  to	  Yokoyama	  and	  
Nakamura	   (2002)	   it	   can	   be	   estimated	   from	   the	   propagation	   of	   errors	   with	   each	   reagents	   and	   it	   generally	  
correspond	  to	  0.00045	  mmol	  of	  Fe2+	  meaning	  that	  FeO	  (wt.%)	   in	  the	  sample	  cannot	  be	  distinguished	  if	   less	  than	  
0.03	  wt.%.	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6.1.2	  Trace	  Elements	  
Li,	  Be,	  Sc,	  V,	  Cr,	  Co,	  Ni,	  Cu,	  Rb,	  Sr,	  Y,	  Nb,	  Cs,	  Ba,	  rare	  earth	  elements	  (REE),	  Ta,	  Pb,	  Th	  and	  U	  concentrations	  were	  
determined	   by	   inductively	   coupled	   plasma	   —	   mass	   spectrometry	   at	   Dipartimento	   di	   Scienze	   della	   Terra	   of	  
Università	  di	  Pisa	  by	  means	  of	  a	  VG	  PQII	  Plus	   instrument.	  Analyses	  were	  performed	  by	  external	  calibration	  using	  
international	  geochemical	  reference	  sample	  (basalt	  BE-­‐N)	  and	  in-­‐house	  standards	  (hawaiite	  HE-­‐1).	  The	  correction	  
procedure	   includes:	   blank	   subtraction,	   instrumental	   drift	   correction	  using	   internal	   standardization	   and	   repeated	  
analysis	   of	   a	   drift	  monitor,	   oxide-­‐hydroxide	   interference	   correction.	   For	   the	   analyte	   concentration	   levels	   in	   the	  
studied	  samples,	  the	  analytical	  precision	  is	  better	  than	  5%	  RSD,	  except	  for	  Sc,	  Cr,	  Co,	  Ni,	  Cu	  which	  are	  determined	  









6.1.3	  Mineral	  chemistry	  
Clinopyroxene	   and	   olivine	   phenocrysts	   of	   selected	   lavas	   were	   analyzed	   by	   means	   of	   a	   CAMECA	   SX50	   electron	  
microprobe	  (EMP)	  equipped	  with	  four	  WDS	  spectrometers	  at	  the	  CNR-­‐IGG,	  Unit	  of	  Padova.	  Operating	  conditions	  
were	   set	   at	   15	   kV	   accelerating	   potential,	   15	   nA	   beam	   current	   and	   peak	   counting	   times	   of	   15	   s.	   The	   analytical	  
precision	  is	  better	  than	  1%	  for	  SiO2,	  Al2O3,	  FeO,	  MgO	  and	  CaO	  and	  better	  than	  3%	  for	  TiO2,	  Cr2O3,	  MnO,	  Na2O,	  K2O	  
and	  P2O5.	  	  
6.1.4	  Mineral	  structure	  data	  
Clinopyroxene	   crystal	   structure	   for	   9	   selected	   lavas	   was	   determined	   using	   a	   Bruker	   AXS	   Single-­‐Crystal	  
diffractometer	  at	  the	  Dipartimento	  di	  Scienze	  della	  Terra	  of	  Università	  di	  Pisa.	  Intensity	  data	  were	  collected	  using	  
an	  air-­‐cooled	  CCD	  detector	  and	  graphite-­‐monochromed	  MoKα	  radiation	  operating	  at	  50keV	  and	  40	  mA;	  detector-­‐
to-­‐crystal	  working	   distance	  was	   set	   to	   50	  mm.	   Frames	  were	   collected	   using	  phi	   and	  omega	   scan	  mode,	   in	   0.5°	  
slices.	   Intensity	   data	   were	   then	   integrated	   and	   corrected	   for	   Lorentz,	   polarization,	   background	   effects	   and	  
absorption	  using	  the	  software	  package	  APEX2	  (Bruker	  AXS	  Inc.,	  2007).	  Clinopyroxene	  structures	  were	  then	  refined	  
by	  SHELX-­‐97	  software	  (Sheldrick,	  2008)	  using	  the	   International	  Tables	   for	  X-­‐ray	  Crystallography	  scattering	  curves	  





















7. Petrography,	   mineral	   chemistry	   and	   geochemistry	   of	   investigated	   etnean
products	  
7.1	  Petrography	  of	  sampled	  lavas	  
Historical	  and	  modern	  etnean	   lavas	  can	  be	  classified	  on	  the	  basis	  of	   their	  petrographic	   features,	  particularly	   the	  
porphyritic	  index,	  grain	  size	  and	  felsic/	  mafic	  minerals	  ratio	  (vol.).	  	  
All	   of	   the	   petrographic	   observations	   are	   made	   with	   both	   optical	   and	   scanning	   electron	   microscopes.	  
Three	  distinct	  groups	  can	  be	  identified:	  
• High-­‐porphyritic:	   characterized	  by	   very	   large	  phenocrysts	   (5	   up	   to	   15	  mm),	   an	   higher	   porphyritic	   index
(P.I.>35-­‐40)	  and	  felsic/mafic	  minerals	  ratio.
• Low-­‐porphyritic:	  characterized	  by	  an	  aphyric/	  sub-­‐aphyric	  texture	  (P.I.	  ≤5)	  with	  millimetric/sub-­‐millimetric
phenocrysts	  and	  low	  felsic/mafic	  minerals	  ratio.
• Intermediate	  group:	  represented	  by	  those	  products	  sharing	  characteristics	  between	  High - porphyritic	  and 
Lowl porphyritic	   groups	   (P.I.	   between	   10	   and	   35)	   with	   variable	   felsic/mafic	   minerals	   ratio	   (generally	  






Figures	  5.7	  à7.6:	  Hand	  specimens	  of	  	  A.D.	  1610	  –	  1250	  –	  2001	  –	  2011	  –	  1284/85	  and	  1974	  eruptions	  respectively.	  Note	  the	  
marked	  porphyritic	  changes	  between	  the	  High-­‐porphyritic	  	  (top),	  Intermediate	  (middle)	  and	  Low-­‐porphyritic	  (bottom)	  
samples.	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7.1.1	  High-­‐porphyritic	  samples	  (hereafter	  HIP)	  (Sample:	  1062,	  1160,	  1250	  SLN,	  1250	  Mt	  Gorna,	  1408	  RM13,	  1610	  
RM,	  1614-­‐24	  RM12,	  1646	  RM12,	  1669	  RM)	  
These	  samples	  are	  locally	  named	  ‘cicirara’	  (‘chickpeas’)	  because	  of	  their	  aspect	  characterized	  by	  huge	  plagioclase	  
phenocrysts	  (up	  to	  3	  cm)	  resembling	  lots	  of	  chickpeas	  scattered	  onto	  black	  lava.	  
All	  HIPs	   show	  a	   highly	   porphyritic	   holocrystalline	   texture	   (P.I.	   35-­‐45)	   dominated	  by	   centimetric	   plagioclase	  with	  
minor	  diopsidic-­‐augitic	  clinopyroxene,	  olivine	  and	  Ti-­‐magnetite	  highly	  variable	  both	  in	  dimensions	  and	  abundance	  
(figg.	  7.7à7.10).	  Large	  plagioclases	  are	  characterized	  by	  a	  strong	  optical	  zonation.	  
The	  same	  phases	  are	  found	  within	  groundmass	  where,	  sometimes,	  Ti-­‐magnetite	  could	  be	  the	  main	  component.	  In	  
the	  great	  homogeneity	  of	   historical	   etnean	   samples	   it	   is	   interesting	   to	  note	   that	  only	  one	   sample	   (Mt	  Arsi	   di	   S.	  
Maria	  flow,	  sample	  1160)	  shows,	  in	  addition	  to	  the	  classic	  paragenesis	  (plg+	  cpx+	  ol+	  ox),	  rare	  fresh	  submillimetric	  




Figures	  7.7	  à7.10:	  Crossed	  polars	  microphotographs	  of	  A.D.	  1669	  –	  1408	  –	  1603/1610	  and	  Mt	  Arsi	  di	  S.Maria	  lavas.	  
250µm	  
250µm	   250µm	  
250µm	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7.1.2	  Low - porphyritic	  samples	  (hereafter	  LP)	  (Eruptions:	  A.D.	  1284-­‐1285	  and	  1974)	  
Low - porphyritic samples	  are	  characterized	  by	  finel grained	  subaphyric	  to	  aphyric	  textures	  (P.I.	  less	  than	  5	  vol.%)	   
with	  rare	  submillimetric	  phenocrysts	  and/or	  glomerophyres.	  LP	  group	  is	  composed	  by	  only	  two	  samples	  belonging	  
to	  A.D. 1284 - 1285	  and	  1974	  eruptions.	  	  
A.D.	  1974 samples	   show	   a lower	  plagioclase/mafic	   minerals	   ratio with respect to A.D.	   1284 - 1285	   lavas	   	  due	   
to	  an	  anomalous	  abundance	  of	  clinopyroxene,	  olivine	  and	  Ti - magnetite	  (figg.	  7.11à 7.14).	  
The	   groundmass	   shows	   a	   cryptocrystalline	   texture	   composed	   of	   abundant	   plagioclase,	   clinopyroxene,	   minor	   
olivine	  and	  Ti - magnetite	  microliths	  up	  to	  300	  µm.	  A.D.	  1284 - 1285	  products	  are	  characterized	  by	  the	  presence	  of	   
amphibole	  micro - phenocrysts	  (up	  to	  0.4	  mm).	  The	  presence	  of	  amphibole	  is	  quite	  unusual	  in	  the	  last	  2000	  years	  of	   
etnean	  activity.	  	  
250µm	  250µm	  
1cm	   1cm	  
Figures	  7.11	  –	  7.12:	  A.D.	  1974	  and	  1284-­‐1285	  lavas	  thin	  sections	  scan.	  





7.1.3	  Intermediate	  samples	  (hereafter	  IS)	  
In	   this	   group	   falls	   the	   most	   of	   sampled	   eruptions:	   Intermediate	   samples	   show	   intermediate	   characteristics	  
between	  HIP	  and	  LP	  samples	  having	  a	  variable	  porphyritic	  index	  (P.I.	  10-­‐35)	  and	  a	  high	  plagioclase/mafic	  minerals	  
ratio	  (making	  them	  more	  similar	  to	  HIP	  samples)	  (figg.	  7.15à7.22).	  	  
Submillimetric/millimetric	   zoned	  and	  sieve-­‐textured	  plagioclase	   is	  again	   the	  most	  abundant	  phenocryst	   followed	  
by	  diopsidic	   to	  augitic	  clinopyroxene	   (up	   to	  500	  micron),	  olivine	  and	  Ti-­‐magnetite	   (up	   to	  200	  micron).	  The	  same	  
phases	   form	   sparse	   gabbroic-­‐textured	   glomerophyres	   (cpx	   +	   ox	   ±	   plg	   ∓	   ol)	   and	   make	   the	   bulk	   of	   the
crystalline/cryptocrystalline	  groundmass.	  Sparse	  kaersutitic	  amphiboles	  pheno/micro	  phenocrysts,	  usually	  showing	  
thick	  breakdown	  rims,	  are	  occasionally	  found	  within	  lavas	  belonging	  to	  A.D.	  2001	  and	  2002-­‐2003	  eruptions.	  
Some	  samples	  show	  small	  quantities	  (ab.	  5	  vol.	  %)	  of	   intersertal	  glass	  (S.	  G.	  La	  Punta,	  Murazzo	  Rotto,	  A.D.	  1886,	  
A.D.	  1985,	  A.D.	  1986,	  A.D.	  2006	  and	  A.D.	  2011	  eruptions)	  while	  holocrystalline	  groundmasses	  are	  very	  common.	  
Mesostasis	  of	  intersertal	  glass	  and	  plagioclase	  microliths	  in	  K-­‐feldspars	  are	  usually	  found	  in	  IS.	  	  
Interestingly	  A.D.	  1892,	  1986,	  1989	  and	  2001	  eruptions	  are	  characterized	  by	  the	  presence	  of	  sedimentary	  (marls,	  
quartzarenites)	   and	   metamorphic	   xenoliths	   arisen	   from	   Mt	   Etna	   basement	   (Clocchiatti	   and	   Métrich,	   1984;	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Figures	  7.15	  à7.20:	  Microphotographs	  (crossed	  and	  parallel	  polars)	  of	  A.D.	  1780	  –	  1892	  –	  1950/1951	  –	  1979	  –	  1986	  and	  2001	  lavas.	  
Figures	  7.21	  –	  7.22:	  Groundmass	  grain-­‐size	  variations	  between	  samples	  (A.D.	  1947	  and	  2006	  lavas).	  
66
7.2	  Mineral	  chemistry	  of	  sampled	  lavas	  
Despite	  the	  great	  variations	  in	  porphyriticity	  and	  crystal	  sizes	  characterizing	  etnean	  products,	  only	  small	  changes	  in	  
mineral	  chemistry	  are	  recorded	  throughout	  the	  whole	  investigated	  period.	  These	  variations	  are	  not	  correlated	  to	  
the	  petrographic	  aspects	  of	   the	  samples	  but	   to	   the	  age	  of	   the	  eruptions:	   this	   is	  why	  mineral	  chemistry	  data	  are	  
presented	  following	  the	  lithostratigraphic	  classification	  of	  etnean	  activity	  (i.e.	  i3,	  i4,	  i5	  and	  i5bis	  intervals).	  
7.2.1	  Plagioclase	  
In	   HIP	   samples	   plagioclase	   easily	   reaches	   up	   to	   1.5	   cm	   in	   length	   usually	   showing	   a	   complex	   concentric/
patch zoning	   and	   intricate	   patterns	   of	   glassy	   inclusions	   (figg.	   7.23à 7.26).	   Plagioclase	   is	   usually	   the	   most	  
abundant	  phase	  with	   exception	   of	   A.D.	   1974,	   2001	   and	   2003	   samples	   where	   respectively	   olivine	   (A.D.	   1974)	   
and	   clinopyroxene	   markedly	   exceeds	   (A.D.	   2001	   –	   2003).	   Average	   core/rim	   compositions	   show	   that	   it	   became	   






Figures	  7.23	  à7.26:	  Microphotographs	  (crossed	  and	  parallel	  polars)	  showing	  plagioclase	  phenocrysts	  belonging	  of	  A.D.	  
1910	  –	  1865	  –	  1892	  and	  1781/1809	  lavas	  respectively.	  
67
7.2.2	  Clinopyroxene	  
Clinopyroxene	  is	  typically	  smaller	  than	  4	  mm	  usually	  showing	  a	  complex	  hourglass	  and	  oscillatory	  zoning	  generally	  
well	  developed	  in	  the	  outer	  half	  of	  the	  crystals.	  Ti-­‐magnetite	  and	  plagioclase	  inclusions	  are	  also	  usually	  found	  (figg.	  
5.27à5.30).Due	  to	  the	  lack	  of	  comprehensive	  geochemical	  studies	  on	  etnean	  pyroxenes,	  we	  decided	  to	  build	  one	  
of	  the	  most	  complete	  geochemical	  and	  crystallographical	  databases	  for	  etnean	  products.	  We	  performed	  over	  than	  
900	  EMPA	  analyses	  on	  both	  crystal	  rims	  and	  cores	  from	  38	  selected	  eruptions	  and	  9	  single	  crystal	  XRD	  studies	  from	  





Figure	  7.26:	  Photos	  of	  the	  selected	  clinopyroxene	  (and	  olivines)	  for	  EMPA	  analyses.	  
Figures	  7.27à7.30:	  Microphotographs	  (crossed	  polars)	  of	  clinopyroxene	  belonging	  to	  A.D.	  1763,	  2009,	  1947	  and	  1832	  lavas	  
respectively.	  
250µm	  






Despite	   the	  well	   visible	   optical	   zonation,	   chemical	   compositions	   vary	   in	   a	   very	   narrow	   interval	   between	  Wo49-­‐42	  
En44-­‐36	  and	  Fs16-­‐9	  (average	  on	  both	  rims	  and	  cores	  compositions)	  so	  that	  all	  historical	  and	  modern	  clinopyroxene	  can	  
all	  be	  classified	  as	  Al,	  Fe3+	  diopside	  –	  augite	  (fig.	  7.31).	  A	  slight	  transition	  from	  i3	  (red)	  to	  i5bis	  (A.D.	  2000	  –	  2011)	  
products	  (light	  blue)	  is	  visible	  (fig.	  7.31).	  Time-­‐related	  compositional	  variations	  are	  also	  visible	  in	  the	  cation	  p.f.u.	  
(per	   formula	   unit)	   versus	   time	   (fig.	   7.32	  à	   7.33).	   Although	   one	   of	   the	   major	   bulk-­‐rock	   geochemical	   variations	  
during	   historical	   times	   in	   etnean	   activity	   is	   the	   transition	   from	   sodic	   to	   potassic	   affinity,	   this	   is	   not	   recorded	   in	  
clinopyroxene	  (fig.	  7.34).	  	  
	  
	  
Figure	  7.31:	  Triangular	  diagram	  showing	  the	  
compositional	   variation	   of	   etnean	  
investigated	  clinopyroxenes.	  	  
Filled	  square:	  cores.	  Empty	  squares:	  rims.	  
Figures	   7.32à7.34:	   Time-­‐related	   variation	  
within	   investigated	   clinopyroxenes.	   On	   the	  
x	   axis	   is	   reported	   relative	   time	   assigning	   0	  
to	   the	   oldest	   sampled	   (left)	   eruption	  







Millimetric	   to	  submillimetric	  olivine	  phenocrysts	  show	  mildly	  evolved	  compositions	  between	  Fo82-­‐69	   for	  all	  of	   the	  
investigated	  samples	   (fig.	  7.35).	  Compositional	  data	  were	  collected	   from	  more	   than	  70	  selected	  olivines	  crystals	  
belonging	  to	  14	  distinct	  eruptions	  via	  EMPA	  analyses	  (fig.	  7.26	  and	  table	  13.3àAppendix).	  Larger	  crystals	  usually	  
show	   resorbed	   rims	   and	   Ti-­‐magnetite/Cr-­‐spinel	   inclusions	   (figg.	   7.36	   –	   7.39)	  while	   the	   smaller	   commonly	   show	  




Figures	  7.36	  à7.39:	  Microphotographs	  (crossed	  polars)	  of	  etnean	  olivines	  from	  A.D.	  2006,	  1985,	  1974	  and	  
Monpeloso	  lavas.	  









Ti-­‐magnetite	   is	  one	  of	  groundmass	  major	  component	  and	  sometimes	  it	   is	  also	  present	  as	  phenocrysts	  (fig.	  7.40).	  	  
Ti-­‐magnetite	   compositions	   vary	   between	   Usp27-­‐70	   within	   all	   the	   investigated	   periods	   (Cristofolini	   et	   al.,	   1987b;	  
Corsaro	   and	   Cristofolini,	   1993;	   Armienti	   et	   al.,	   1994;	   Tanguy	   et	   al.,	   1997;	   Mazziotti	   Tagliani	   et	   al.,	   2012).	  	  
It	   usually	   shows	  well-­‐developed	   shapes	   even	   if	   skeletal	   samples	   are	   found.	   In	  most	   of	   the	   studied	   samples	   it	   is	  




Rare	  amphibole	  crystals	  were	  found	  in	  very	  few	  samples	  belonging	  to	  A.D.	  1284-­‐1285,	  2001	  and	  2003	  eruptions.	  
They	  usually	  show	  an	  euhedral-­‐to-­‐subhedral	  poikilitic	  texture	  (enclosing	  plagioclase	  and	  clinopyroxene	  crystals)	  nd	  
they	  are	  always	  jacketed	  by	  a	  submillimetric	  cryptocrystalline	  reaction/breakdown	  rim	  (figg.	  7.42	  –	  7.44)	  
Amphibole	  compositions	  vary	  between	  kaersutite	   to	  Ti-­‐pargasite	   in	  A.D.	  1892	  sample	  while	  A.D.	  2001	  and	  2003	  
amphiboles	   can	   be	   classified	   as	   titanian	  Mg-­‐hastingsites	   (Klerkx,	   1964;	   Cristofolini	   et	   al.,	   1981b;	  D'Orazio	   et	   al.,	  
1998;	  Clocchiatti	  and	  Tanguy,	  2001;	  Corsaro	  et	  al.,	  2007).	  	  
7.2.6	  Biotite	  
Fresh	  euhedral	  biotite	  micro-­‐phenocrysts	  (up	  to	  0.1	  mm)	  were	  found	  only	  within	  Mt	  Arsi	  di	  S.	  Maria	   lavas	  (1160	  
sample).	  They	  usually	  show	  a	  well-­‐developed	  (001)	  cleavage	  and	  a	  strong	  pleochroism	  (fig.	  7.45).	  This	   is	  the	  first	  
report	   of	   biotite	   in	   etnean	   historical	   samples	   while	   it	   is	   occasionally	   found	   in	  more	   ancient	   lavas	   belonging	   to	  
Ellittico	  volcano	  products	  (Nicotra	  et	  al.,	  2010;	  Mazziotti	  Tagliani	  et	  al.,	  2012).	  	  
Figures	  7.40	  –	  7.41:	  A.D.	  1792-­‐1793	  and	  1983	  microphotographs	  (crossed	  and	  parallel	  polars).	  
250µm	  






130µm	   130µm	  
130µm	  130µm	  
Figures	  7.42	  à7.44:	  Microphotographs	  (parallel	  polars)	  of	  amphibole	  microphenocrysts	  found	  within	  etnean	  A.D.	  
2001	  and	  A.D.	  1284-­‐1285	  lavas	  respectively.	  





The	  same	  mineralogical	  assemblage	  of	  phenocrysts	  is	  commonly	  found	  within	  the	  groundmass.	  It	  is	  characterized	  
by	   intersertal	   and/or	   intergranular	   textures	   in	  HIP	  products	  while	  pilotaxitic	   textures	   are	  usually	   found	   in	   lower	  
porphyritic	  samples	  (LP	  and	  IS)	  (figg.	  7.7,	  7.13à7.15,	  7.21	  –	  7.22).	  	  
Although	   holocrystalline/	   cryptocrystalline	   textures	   are	   usually	   found,	   some	   hypocrystalline	   (max	   5%	   vol.	   glass)	  
lavas	  are	  occasionally	  found	  (S.	  G.	  La	  Punta,	  Murazzo	  Rotto,	  A.D.	  1886,	  A.D.	  1985,	  A.D.	  1986,	  A.D.	  2006	  and	  A.D.	  
2011	   eruptions)	   (figg	   7.50-­‐	   7.51).	   Plagioclase	   is	   typically	   the	   most	   abundant	   phase	   showing	   a	   more	   evolved	  
composition	  with	   respect	   to	  phenocrysts	   ranging	  between	  An22-­‐76	   (figg.	  7.46à7.49)	   (Lo	  Giudice,	  1970;	  Tanguy	  et	  
al.,	   1997;	  Armienti	   et	  al.,	   2004;	  Corsaro	  and	  Pompilio,	   2004b).	  Augitic	   clinopyroxene	   is	  usually	   the	   second	  most	  
abundant	  phase	  showing	  a	  slightly	  more	  evolved	  composition	  with	  respect	  to	  phenocrysts	  (Viccaro	  and	  Cristofolini,	  
2008).	   Ti-­‐magnetite,	   usually	   abundant	   as	   clinopyroxene,	   sometimes	   overtakes	   plagioclase	   being	   the	   most	  
abundant	  phase	  in	  the	  groundmass	  (A.D.	  1763,	  1911	  and	  1985	  eruptions).	  Ubiquitous	  olivine	  crystals,	  commonly	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7.3	  Geochemistry	  of	  sampled	  lavas	  
	  
By	  a	  geochemical	  point	  of	  view	   investigated	  products	  can	  be	  classified	   in	  three	  distinct	   temporal	  groups	  that	  do	  
not	  correlate	  with	   the	  petrographic	  ones.	  These	  groups	  are	  characterized	  by	  an	   increasing	  grade	  of	   fluid	  mobile	  
major	  and	  trace	  elements	  (hereafter	  FME)	  enrichment.	  
In	   order	   to	   avoid	   confusion	   in	   the	   readers,	   we	   described	   the	   geochemical	   characteristics	   of	   the	   sampled	   lavas	  
following	   the	   volcanological	   classification	  of	   etnean	  products.	  However,	   to	   give	   an	  homogeneous	  description	  of	  
experimental	  data,	  we	  shifted	  the	  beginning	  of	  “post	  1669	  A.D.	  eruption	  –	  pre	  1971	  A.D.	  eruption	  interval	  (i4)”	  to	  
A.D.	  1634	  eruption,	  that	  was	  recognized	  as	  the	  first	  eruption	  where	  FME	  and	  HREE	  enrichment	  became	  visible.	  
Sampled	  products	  are	  then	  grouped	  in:	  
• i3	  group:	  lavas	  emitted	  prior	  A.D.	  1634	  eruption	  where	  no	  FME	  enrichment	  is	  present;	  
• i4	  group:	  products	  emitted	  between	  A.D.	  1634	  and	  A.D.	  1971,	  where	  FME	  and	  HREE	  enrichment	  are	  fairly	  
visible;	  
• i5	  group:	  lavas	  emitted	  since	  A.D.	  1971	  where	  FME	  and	  HREE	  enrichment	  are	  well	  visible:	  
o i5bis	  group	  products	  emitted	  since	  A.D.	  2000	  until	  present.	  
7.3.1	  Major	  and	  trace	  elements	  
Major	  and	  trace	  element	  concentrations	  for	  sampled	  eruptions	  are	  reported	  in	  table	  7.2.	  	  
Analyzed	   lavas	   become	   more	   and	   more	   primitive	   with	   time	   shifting	   from	   mugearites	   (half	   of	   i3	   samples)	   to	  
hawaiites/	   k-­‐trachybasalts	   (all	   i4	   and	   i5	   products)	   (fig.	   7.52)	   (Le	   Bas	   et	   al.,	   1986;	   Le	  Maître,	   2002).	   i3	   lavas	   are	  
usually	  the	  more	  evolved	  products	  with	  A.D.	  1284	  -­‐	  1285	  sample	  representing	  the	  most	  evolved	  member	  whereas	  
A.D.	  1763	  and	  1949	  are	  the	   less	  differentiated	  product.	  The	  other	  samples	  considered	   in	  this	  work	  are	  variously	  
differentiated	  within	  these	  extremes.	  	  
	  
7.52	  
Figure	   7.52:	   TAS	   diagram	  
showing	   the	   whole	  
etnean	   products	   since	  
Basalt	   Tholeiites	   phase.	  
BT,	   TP,	   VDBC	   and	   i2	  
compositional	   data	   came	  




i3,	   i4,	   i5	   and	   i5bis	   data	  
came	  from	  this	  work.	  
The	   insert	   shows	   lavas	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Transition	  metals	  display	  well-­‐defined	  negative	  correlations	  with	  various	  differentiation	  indexes	  as	  MgO,	  SiO2,	  Th,	  
etc.	  (figg.	  7.54	  à	  7.57).	  More	  interestingly	  the	  ferric/ferrous	  iron	  ratio	  (0.60±0.13)	  is	  anomalously	  high	  with	  respect	  
to	   the	  World	   average	   values	   for	   trachybasaltic	   rocks	   (0.3)	   (Middlemost,	   1989)	   but	   it	   do	  not	   vary	  with	   time	   (fig.	  
7.53,	  table	  7.2).	  	  
	  
7.53	   7.54	  
7.55	   7.56	  
7.57	  
Figure	  7.53:	   Fe2O3/FeO	  variation	  between	   the	   i3,	   i4,	   i5	  
(and	  i5bis)	  etnean	  eruptive	  phases.	  
Figures	   7.54à7.57:	   Binary	   diagrams	   for	   selected	  
transition	   metals	   (Me	   vs	   Th).	   Where	   not	   directly	  





During	  the	  investigated	  period	  etnean	  products	  tend	  to	  become	  less	  evolved	  with	  time	  and,	  since	  the	  first	  half	  of	  
XVIIth	   century,	  more	  and	  more	  potassic.	  This	  K-­‐enrichment	  become	  slightly	  visible	   since	  A.D.	  1634	  eruption,	   few	  
years	  before	  the	  A.D.	  1669	  Monti	  Rossi	  eruption	  when,	  from	  then	  on,	  relevant	  volcanological	  changes	  in	  terms	  of	  
frequency	   and	   explosivity	   occurred	   (Andronico	   and	   Lodato,	   2005;	   Branca	   et	   al.,	   2008;	   Catalano	   et	   al.,	   2009;	  
Smethurst	  et	  al.,	  2009;	  Branca	  et	  al.,	  2011a).	  	  
As	   clearly	   visible	   in	   the	   K2O/Na2O	   vs	   K2O	   (wt.%)	   diagram,	   potassium	   enrichment	   continued	   during	   the	   lasts	  
centuries	  being	  more	  evident	  since	  1970’s	  when,	  from	  then	  on,	  K-­‐trachybasalts	  are	  continuously	  erupted	  (fig.	  7.58)	  





Potassium	  anomaly	   is	   paired	  with	   those	   elements	   sharing	   the	   same	  geochemical	   properties	   like	  Rb	   and	  Cs	   that	  
result	  more	  concentrated	  in	  recent	  lavas	  with	  respect	  to	  the	  older	  ones	  (figg.	  7.59à7.61)	  (Cristofolini	  et	  al.,	  1981a;	  
Joron	   and	   Treuil,	   1984;	   Clocchiatti	   et	   al.,	   1988;	   Corsaro	   and	   Cristofolini,	   1996;	   Tanguy	   et	   al.,	   1997;	   Ferlito	   and	  
Lanzafame,	  2010;	  Nicotra	  et	  al.,	  2010).	  Thanks	  to	  our	  precise	  and	  accurate	  analyses,	  we	  report	  for	  the	  first	  time,	  






Figure	  7.58:	  K2O/	  Na2O	  vs	  K2O	  (wt.%)	  diagram	  showing	  the	  whole	  etnean	  products	  since	  BT	  phase	  
(shaded	  area,	  data	  from	  GEOROC	  database).	  In	  black	  and	  red	  are	  reported	  this	  work	  analyses.	  	  












Figures	   7.59	   à 	   7.61:	   K2O,	   Rb	   and	   Cs	   vs	   Th	   binary	  
diagrams	  showing	  the	  marked	  post-­‐1970’s	  anomalies	  
(units:	  ppm).	  
Figures	  7.62	  –	  7.63:	  Tl	  and	  Be	  vs	  Th	  diagrams	  showing	  




Fe2O3/FeO	  ratio	  of	  investigated	  lavas	  remains	  approximately	  constant	  with	  a	  mean	  value	  of	  0.60±	  0.13	  (fig.	  7.53).	  
Only	  a	  slightly	  weathered	  sample	  (1408	  RM)	  shows	  very	  high	  Fe2O3/FeO	  values	  (up	  to	  1.90)	  and	  it	  was	  not	  further	  
considered.	  	  
We	  then	  estimated	  the	   fO2	  for	  sampled	  etnean	   lavas	  at	  the	  temperature	  of	  emission	  using	  the	  Kilinc	   (1983),	   the	  	  
Nikolaev	  et	  al.	  (1996)	  	  and	  the	  Kress	  and	  Carmichael	  (1991)	  expressions:	  𝑙𝑛(𝑋!"!!!/𝑋!"#)!"# =   𝑎  𝑙𝑛  𝑓𝑂! + !! + 𝑐 + 𝑑!𝑋!! 	  (Kilinc,	  1983)	  𝑙𝑛(𝑋!"!!!/𝑋!"#)!"# =   𝑎  𝑙𝑛  𝑓𝑂! + !! + 𝑐 + 𝑑!𝑋! + 𝑒 1 − !!! − 𝑙𝑛 !!! + 𝑓 !! + 𝑔 !!!! !! + ℎ !!!! 	  	  
(Kress	  and	  Carmichael,	  1991)	  𝑙𝑜𝑔(𝐹𝑒!!/𝐹𝑒!!)!"# =   𝑎  𝑙𝑜𝑔  𝑓𝑂! + !! + 𝑑!𝑋!! 	  (Nikolaev	  et	  al.,	  1996)	  
that	  allow	  to	  estimate	  fO2	  through	  the	  iron	  oxidation	  ratio.	  
Coefficients	  and	  estimated	  error	  on	  fO2	  are	  listed	  in	  the	  table	  below	  (table	  7.3).	  
Coefficients	   Kilinc	  1983	   Kress	  et	  al.	  
1991	  
Nikolaev	  et	  al.	  
1996	  
a	   0.2185	   0.196	   0.2228	  
b	  (K)	   12670	   11492	   6477.3	  
c	   -­‐	  7.54	   -­‐6.675	   -­‐	  
dSiO2	   -­‐	   -­‐	   -­‐3.9594	  
dTiO2	   -­‐	   -­‐	   -­‐3.6211	  






dFeOTot	   1.55	   -­‐1.828	   -­‐2.2284	  
dMgO	   -­‐	   -­‐	   -­‐2.5944	  
dCaO	   2.96	   3.201	   -­‐2.6738	  
dNa2O	   8.42	   5.854	   -­‐2.8563	  
dK2O	   9.59	   6.215	   -­‐1.1385	  
σ	  log	  fO2	   0.5	   0.597	   0.35	  
e	   -­‐	   -­‐3.36	   -­‐	  
f	  (K·∙Pa-­‐1)	   -­‐	   -­‐7.01E-­‐07	   -­‐	  
g	  (Pa-­‐1)	   -­‐	   -­‐1.54E-­‐10	   -­‐	  
h	  (K·∙Pa-­‐2)	   -­‐	   3.85E-­‐17	   -­‐	  
T0	  (K)	   -­‐	   1673	   -­‐	  
	  
fO2	   estimations	   for	   etnean	   samples	   are	   shown	   in	   table	   7.4,	   reported	   data	   are	   calculated	   at	   1087	   °C,	   a	   typical	  
temperature	  of	  etnean	  lavas	  (mean	  of	  tens	  measurements)	  and	  1	  bar	  (Smithsonian	  Inst.,	  1969,	  1983,	  1984,	  1985,	  














FMQ	  is	  estimated	  with	  equations	  and	  coefficients	  proposed	  by	  Maaløe	  (1985).	  
















1651	  RM12	   1020	   0.38	   -­‐8.32	   1.52	   -­‐8.68	   1.16	   -­‐8.91	   0.93	  
1566	  RM12	   1194	   0.84	   -­‐6.71	   3.13	   -­‐6.98	   2.86	   -­‐7.36	   2.48	  
1595	  RM13	   1200	   0.52	   -­‐7.77	   2.07	   -­‐8.02	   1.82	   -­‐8.27	   1.57	  
C1329	  RM12	   1329	   0.47	   -­‐7.89	   1.95	   -­‐8.22	   1.62	   -­‐8.33	   1.51	  
1284-­‐85	  RM13	   1446	   0.69	   -­‐7.35	   2.49	   -­‐7.50	   2.34	   -­‐7.55	   2.29	  
1610	  RM	   1610	   0.55	   -­‐7.68	   2.16	   -­‐7.96	   1.88	   -­‐8.27	   1.57	  
1607	  bis	  RM13	   1610	   0.65	   -­‐7.28	   2.56	   -­‐7.56	   2.28	   -­‐7.85	   1.99	  
1614-­‐24	  RM12	   1614	   0.65	   -­‐7.27	   2.57	   -­‐7.54	   2.30	   -­‐7.94	   1.90	  
C1634	  RM	   1634	   0.40	   -­‐8.18	   1.66	   -­‐8.53	   1.31	   -­‐8.66	   1.18	  
1646	  RM12	   1646	   0.76	   -­‐6.87	   2.97	   -­‐7.16	   2.68	   -­‐7.35	   2.49	  
1669	  RM	   1669	   0.52	   -­‐7.62	   2.22	   -­‐7.97	   1.87	   -­‐8.08	   1.76	  
1763	  I	  RM12	   1763	   0.64	   -­‐7.21	   2.63	   -­‐7.51	   2.33	   -­‐7.64	   2.20	  
1763	  II	  RM12	   1763	   0.66	   -­‐7.17	   2.67	   -­‐7.46	   2.38	   -­‐7.63	   2.21	  
1723	  RM	   1787	   0.84	   -­‐6.67	   3.17	   -­‐6.92	   2.92	   -­‐7.21	   2.63	  
1809	  RM12	   1809	   0.78	   -­‐6.84	   3.00	   -­‐7.08	   2.76	   -­‐7.40	   2.44	  
1865	  RM12	   1865	   0.54	   -­‐7.68	   2.16	   -­‐7.96	   1.88	   -­‐8.21	   1.63	  
1766	  RM	   1892	   0.49	   -­‐7.79	   2.05	   -­‐8.07	   1.77	   -­‐8.27	   1.57	  
1537	  RM13	   1892	   0.55	   -­‐7.56	   2.28	   -­‐7.86	   1.98	   -­‐8.00	   1.84	  
1910	  RM	   1910	   0.47	   -­‐7.88	   1.96	   -­‐8.22	   1.62	   -­‐8.39	   1.45	  
1911	  RM12	   1911	   0.67	   -­‐7.18	   2.66	   -­‐7.46	   2.38	   -­‐7.59	   2.25	  
1923	  RM12	   1923	   0.47	   -­‐7.90	   1.94	   -­‐8.21	   1.63	   -­‐8.37	   1.48	  
1928	  RM12	   1928	   0.69	   -­‐7.13	   2.71	   -­‐7.38	   2.46	   -­‐7.58	   2.26	  
1947	  RM12	   1947	   0.52	   -­‐7.75	   2.09	   -­‐8.03	   1.81	   -­‐8.27	   1.57	  
1950-­‐51	  RM12	   1951	   0.58	   -­‐7.48	   2.36	   -­‐7.75	   2.09	   -­‐7.92	   1.92	  
C1950-­‐51	  RM13	   1951	   0.57	   -­‐7.54	   2.3	   -­‐7.82	   2.02	   -­‐7.95	   1.89	  
1971	  RM12	   1971	   0.80	   -­‐6.84	   3.00	   -­‐7.09	   2.75	   -­‐7.31	   2.53	  
1974	  I	  RM	   1974	   0.40	   -­‐8.24	   1.60	   -­‐8.58	   1.26	   -­‐8.63	   1.21	  
1974	  II	  RM	   1974	   0.42	   -­‐8.18	   1.66	   -­‐8.52	   1.32	   -­‐8.51	   1.33	  
1979	  RM12	   1979	   0.47	   -­‐7.92	   1.92	   -­‐8.22	   1.62	   -­‐8.32	   1.52	  
1981	  RM12	   1981	   0.45	   -­‐8.03	   1.81	   -­‐8.33	   1.51	   -­‐8.51	   1.33	  
1983*	  RM12	   1983	   0.58	   -­‐7.50	   2.35	   -­‐7.77	   2.07	   -­‐7.97	   1.87	  
1985	  RM13	   1985	   0.49	   -­‐7.85	   1.99	   -­‐8.15	   1.69	   -­‐8.31	   1.53	  
C1986	  RM	  13	   1986	   0.68	   -­‐7.17	   2.67	   -­‐7.44	   2.40	   -­‐7.58	   2.26	  
1992	  RM29	   1992	   0.54	   -­‐7.67	   2.17	   -­‐7.95	   1.89	   -­‐8.06	   1.78	  
2001	  RM13	   2001	   0.67	   -­‐7.11	   2.73	   -­‐7.40	   2.44	   -­‐7.51	   2.33	  
2003	  RM	  12	   2003	   0.54	   -­‐7.63	   2.21	   -­‐7.91	   1.93	   -­‐7.95	   1.89	  
2006	   2006	   0.63	   -­‐7.31	   2.53	   -­‐7.58	   2.26	   -­‐7.78	   2.06	  
2009	   2009	   0.81	   -­‐6.82	   3.02	   -­‐7.00	   2.84	   -­‐7.25	   2.59	  
2011	   2011	   0.81	   -­‐6.81	   3.03	   -­‐6.96	   2.88	   -­‐7.29	   2.55	  
Table	  7.4:	  fO2	  estimations	  for	  sampled	  lavas.	  
	  
	  
Trace	  elements	  concentrations	  slightly	  vary	  within	  the	  investigated	  period	  oscillating	  around	  the	  OIB	  values	  (from	  
0.4	  to	  3	  log	  units)	  (fig.	  7.64).	  Investigated	  samples	  are	  fairly	  distinct	  each	  other’s	  in	  terms	  of	  their	  REE	  compositions	  
being	  LREE	  sensibly	  more	  enriched	   in	  older	  products	  with	  respect	  to	  the	  younger	  ones	  whereas	  MREE	  and	  HREE	  
vary	   less	   (fig.	   7.65).	  As	   a	   consequence	   the	   La/Yb	   ratio	   for	   sampled	   lavas	   show	  a	  marked	  decrease	   from	   i3	   to	   i5	  
samples	  38	  to	  27	   (fig.	  7.66).	  More	   interestingly	  MREEs	  and	  HREEs	  show	  anomalous	  distributions	  with	  respect	   to	  



























Figures	  7.64	  à 	  7.65:	  	  Spider	  and	  REE	  diagrams	  for	  investigated	  samples	  normalized	  to	  OIB	  (Sun	  and	  McDonough,	  1989).	  










Figures	  7.67	  à 	  7.72:	  Selection	  of	  REEs	  vs	  Th	  patterns.	  Note	  the	  shift	  from	  linear	  trends	  (LREEs)	  to	  ‘anomalous’	  trends	  





8.	  Clinopyroxene	  geothermobarometry	  
	  
The	  knowledge	  of	  pressure,	  temperature	  and	  many	  others	  physico-­‐chemical	  variables,	  like	  oxygen	  fugacity,	  activity	  
coefficients,	  etc.,	  and	  where	  and	  when	  geological	  processes	  occurs	  has	  been	  a	  crucial	  point	  for	  all	  geologists	  but,	  
unfortunately,	   direct	  measurements	   of	   these	   variables	   are	   usually	   not	   possible.	   Geologists	   have	   to	   do	  with	   the	  
final	  products	  of	  complex	  geological	  processes	  (rocks,	  gases,	  fluids,	  earthquakes,	  impacts,	  etc.)	  that	  could	  last	  from	  
milliseconds	  to	  billions	  years.	  We	  can	  easily	  understand	  that	   it	   is	  not	  easy	  to	  reconstruct	  the	  whole	  petrogenetic	  
story	   of	   a	   rock	   but,	   albeit	   with	   some	   limitations,	   we	   are	   able	   to	   estimate	   most	   of	   these	   variables	   through	  
thermodynamic	  models.	   Temperature	   and	  pressure	   are,	   by	   far,	   two	  of	   the	  most	   important	   variables	   controlling	  
geological	  processes.	  In	  order	  to	  find	  some	  reliable	  geobarometers	  or	  geothermometers	  we	  need	  to	  find	  the	  P	  –	  T	  
conditions	   at	   which	   a	   rock	   equilibrated.	   In	   a	   nutshell	   some	   chemical	   equilibria	   that	   strongly	   depends	   on	  
temperature	  (geothermometer)	  and/or	  on	  pressure	  (geobarometer)	  are	  needed.	  In	  more	  technical	  terms	  we	  seek	  
for	   phases	   or	   reaction	   equilibria	   where	   there	   is	   a	  marked	   difference	   between	   the	   entropy	   (for	   thermometers)	  
and/or	   the	   volume	   (for	   barometers)	   of	   reactants	   and	   products.	   	   Geobarometers	   and	   geothermometers	   in	  
geological	  systems	  can	  be	  classified	  as:	  
Exchange	  geothermometers	   include	  all	   those	  kind	  of	  equilibrium	  reactions	   that	   involves	   the	  exchange	  of	  atoms	  
between	   different	   phases.	   These	   exchanges	   usually	   cause	   small	   volume	   changes	   (∆!𝑉 ≅ 0)	   and	   relatively	   large	  
enthalpy	  changes	  (∆!𝐻 ≫ 0)	  showing	  strong	  temperature	  dependence	  and	  being	  largely	  pressure	  independent	  so	  
they	   can	   act	   as	   ideal	   geothermometers.	   Olivine	   -­‐	   liquid,	   plagioclase	   and	   alkali	   feldspar,	   pyroxene	   -­‐	   liquid,	  
orthopyroxene	  -­‐	  clinopyroxene	  equilibria	  are	  some	  of	  the	  most	  important	  geothermobarometers	  nowadays	  widely	  
accepted	   (Putirka,	   2008).	   In	   the	   next	   section	   we	   will	   focus	   on	   clinopyroxene-­‐liquid	   geothermobarometers	   that	  
helped	  us	  to	  trace	  P	  and	  T	  paths	  of	  rising	  etnean	  magmas.	  
Solvus	  thermometers	  are	  essentially	  based	  on	  the	  distribution	  of	  a	  component	  𝑋!	  between	  two	  coexisting	  phases	  
occurring	  on	  the	  limits	  of	  a	  miscibility	  gap.	  The	  boundary	  of	  the	  gap	  (solvus)	  indicates	  the	  temperature	  dependent	  
degree	  of	  miscibility	  between	  two	  structurally	   related	  phases.	  Chemical	  compositions	  of	   those	  coexisting	  phases	  
can	  be	  used	  to	  estimate	  the	  temperature	  of	  equilibration.	  The	  most	  studied	  mineralogical	  system	  with	  a	  miscibility	  
gap	   is	   the	   enstatite-­‐diopside	   system	   where	   the	   subsolidus	   equilibria	   is	   governed	   by	   the	   partial	   immiscibility	  
between	  Ca-­‐poor	  enstatite	  and	  Ca-­‐rich	  diopside	  	  
Solid-­‐solid	   geobarometers	   are	   based	   on	   production/consumption	   of	   phases	   and	   are	   preferentially	   used	   as	  
geobarometer	   because	   solid-­‐solid	   reactions	   usually	   result	   in	   large	   volume	   changes	   between	   reactants	   and	  
products	   (∆!𝑉 ≫ 0).	   Those	   reactions	   are	   widely	   used	   in	   metamorphic	   systems	   were,	   by	   definition,	   phase	  
transformations	  occur	  below	  the	  solidus	  curve.	  Two	  of	  the	  most	  important	  solid-­‐solid	  systems	  are:	  	  
• the	  Al2SiO5-­‐polymorphs	  (Harker	  and	  Tilley,	  1950),	  where	  andalusite,	  sillimanite	  and	  kyanite	  transform	  in	  
each	  other	  varying	  P	  and	  T;	  
• the	  grossular,	  anorthite,	  Al-­‐silicate	  and	  quartz	  reaction	  (Ghent,	  1976;	  Koziol	  and	  Newton,	  1988).	  
Structural	  geobarometers	  are	  based	  on	  P	  and	  T-­‐induced	  changes	  in	  crystal	  structure	  like	  site	  volume,	  bond-­‐length	  
and	   lattice	  parameters.	   The	  Nimis’	   clinopyroxene	   geobarometer	   is	   one	  of	   the	   few	   successful	   examples	  of	   these	  








8.1	  Clinopyroxene	  -­‐	  liquid	  geothermobarometer	  for	  etnean	  products	  
Among	  all	  available	  geothermobarometers	  we	  selected	  the	  clinopyroxene	  –	  liquid	  geothermobarometer	  proposed	  
by	   Putirka	   et	   al.	   (1996;	   2003)	   because	   of	   its	   higher	   precision	   for	   basaltic	   melts.	   The	   clinopyroxene	   -­‐	   liquid	  
geothermobarometer	  proposed	  by	  Putirka	  et	  al.	   (1996;	  2003)	   is	  based	  on	  regression	  analyses	  of	  thermodynamic	  
experiments	  where	  clinopyroxenes	  crystallize	   in	  a	  wide	  range	  of	   temperatures	  and	  pressure,	   from	  various	   liquid	  
compositions.	   Pressure	   estimate	   were	   achieved	   using	   the	   equilibrium	   constant	   of	   the	   jadeite	   crystallization	  
reaction:	   𝑁𝑎𝑂!.!!"# + 𝐴𝑙𝑂!.!!"# + 2𝑆𝑖𝑂!!"# = 𝑁𝑎𝐴𝑙𝑆𝑖!𝑂!!"#	  (eq.	  8.1)	  
which	  represent	  one	  of	  the	  most	  P-­‐sensitive	   igneous	  reactions	  (because	  of	   its	  huge	  ∆!𝑉).	  This	  reaction	   is	  one	  of	  
the	  most	  used	  geobarometer	  involving	  only	  major-­‐element	  components	  of	  a	  very	  common	  phase	  in	  all	  magmatic	  
systems	   (Robie	   et	   al.,	   1978;	   Lange	   and	   Carmichael,	   1987;	   Putirka,	   2008).	   Pressure	   estimation	   based	   on	   this	  
equilibrium	  is	  given	  by:	  
𝑃 𝑘𝑏𝑎𝑟 = −88.3 + 2.82 ∙ 10!!𝑇 𝐾 ∙ 𝑙𝑛 !"!"#!"!"# !∙!"!"#∙!"!"# + 2.19 ∙ 10!!𝑇 𝐾 − 25.1 ∙ 𝑙𝑛 𝐶𝑎!"# ∙ 𝑆𝑖!"# + 7.03 ∙!"!"#!"!"#!!"!"# + 12.4 ∙ 𝑙𝑛 𝐶𝑎!"# 	  	  (eq.	  8.2)	  (Putirka	  et	  al.,	  2003)	  
Unfortunately	  the	  reaction	  also	  is	  temperature	  dependent	  (∆!𝑆 ≠ 0)	  and	  therefore	  we	  need	  to	  fix	  the	  equilibrium	  
temperature	  using	  some	  other	  T-­‐dependent	  reaction	  occurring	  in	  our	  system.	  	  The	  equilibrium	  between	  diopside	  +	  
hedembergite	  =	  jadeite:	  𝑁𝑎𝑂!.!!"# + 𝐴𝑙𝑂!.!!"# + 𝐶𝑎 𝐹𝑒,𝑀𝑔 𝑆𝑖!𝑂!! ! = 𝑁𝑎𝐴𝑙𝑆𝑖!𝑂!!"# + 𝐶𝑎𝑂!"# + 𝐹𝑒𝑂!"# +𝑀𝑔𝑂!"#	  (eq.	  8.3)	  
is	  usually	  used	  as	  a	  good	  thermometer	  where	  T	  can	  be	  estimated	  as:	  10! 𝑇 = 6.73 − 0.26 ∙ 𝑙𝑛 !"!"#∙!"!"#∙!"!"#!"#$!"#∙!"!"#∙!"!"# − 0.86 ∙ 𝑙𝑛 !"!"#!" !"!!"!"# + 0.52 ∙ 𝑙𝑛 𝐶𝑎!"# 	  	  	  	  (eq.	  8.4)	  
(Putirka	  et	  al.,	  1996)	  
	  
To	   obtain	   the	   equilibrium	   P	   and	   T	   of	   crystallization,	   we	   need	   to	   minimize	   the	   differences	   between	   the	   two	  
equations.	  To	  facilitate	  the	  calculations	  a	  dedicated	  Microsoft	  Excel™	  spreadsheet	  was	  published	  by	  Putirka	  (2008)	  
on	  the	  RiMG	  repository.	   	  A	  total	  error	  of	  ±1.7	  kbar	  on	  pressures	  and	  ±27	  K	  for	  temperatures	  were	  estimated	  for	  
this	  geothermobarometers	  (Putirka	  et	  al.,	  1996;	  Putirka	  et	  al.,	  2003).	  	  
As	  can	  be	  easily	  noted	  the	  model	  proposed	  by	  Putirka	  needs	  liquid	  compositions	  and	  it	  works	  only	  if	  clinopyroxene	  
is	   in	  equilibrium	  with	   it.	   Liquid	  composition	   is	  normally	   supposed	   to	  be	   identical	   to	   the	  whole	   rock	  composition	  
even	   if	   it	   is	   only	   representative	   of	   the	   equilibrium	   liquid	   for	   early-­‐formed	   clinopyroxene	   phenocrysts	   (Putirka,	  
2008;	  Armienti	  et	  al.,	  2009).	  	  The	  occurrence	  of	  other	  phases	  in	  most	  of	  igneous	  rocks	  as	  well	  as	  the	  presence	  of	  
zoned	   crystals	   must	   be	   contemplated	   when	   considering	   equilibrium	   discrepancies.	   A	   common	   test	   for	  
clinopyroxene-­‐liquid	  equilibrium	  is	  assuming	  that:	  
𝐾!  !"/!"!"#/!"# = 𝐾! (!!"#!!" ∙!!"#!"# )(!!"#!"# ∙!!"#!"# ) = 0.27	  (eq.	  8.5)	  (Putirka,	  2008)	  
Considering	  that	  clinopyroxenes	   in	  equilibrium	  with	  whole	  rock	  composition	  in	  natural	  samples	  are	  very	  few,	  we	  
will	   need	   lots	   of	   samples,	   geochemical	   data	   and	   waste	   lots	   of	   time	   finding	   a	   statistically	   relevant	   number	   of	  
clinopyroxenes	  to	  estimate	  P	  and	  T	  conditions.	  	  A	  smart	  intuition	  of	  Armienti	  et	  al.	  (2007)	  help	  us	  to	  obtain	  lots	  of	  
P	  and	  T	  estimations	  from	  one	  single	  sample;	  the	  ’trick’	  works	  recalculating,	  for	  each	  analyzed	  clinopyroxene,	  the	  




In	   order	   to	   restore	   the	   composition	   of	   equilibrium	   liquid	   we	   use	   a	   Microsoft	   Excel	   ™	   implemented	   algorithm	  
published	  by	  Armienti	  et	  al.	   (2009)	  that	  recalculate	  melt	  compositions	  based	  on	  the	  Pearce	  (1978)	  method	  using	  
mineral-­‐melt	  distribution	   coefficients	   (𝐾!)	   and	  mineral	   stoichiometry.	   The	  model	  was	   than	  adapted	   to	  Mt	  Etna,	  
calibrated	  for	  system	  evolving	  along	  an	  olivine	  +	  clinopyroxene	  ±	  plagioclase	  cotectic.	  The	  algorithm	  modifies	  the	  
liquid	   composition	   by	   tracking	   back	   melt	   evolution	   up	   to	   the	   equilibrium	   composition	   at	   which	   a	   given	  
clinopyroxene	   crystallized	   (Armienti	   et	   al.,	   2009).	   The	   recalculated	   liquid	   composition	   is	   then	   used	   to	   apply	  
Putirka’s	  geothermobarometer.	  	  
The	   algorithm	   starts	   comparing	   𝐾! (!!"#!"# ∙!!"#!"# )(!!"#!"# ∙!!"#!"# )	   between	   whole	   rock	   and	   analyzed	   clinopyroxene	   with	   the	  
equilibrium	  value	  of	  0.27.	  If	  the	  composition	  is	  not	  at	  equilibrium,	  the	  algorithm	  adds	  or	  subtracts	  a	  small	  amount	  
of	   MgO	   moles	   (∆𝑋 = 2  𝑚𝑚𝑜𝑙)	   to	   the	   system	   and	   rechecks	   again	   the	   𝐾!	   until	   the	   equilibrium	   is	   reached.	  
Plagioclase	   crystallization	   is	   taken	   into	  account	  only	   for	  melts	   in	  which	  Mg#	   is	   less	   than	  0.44	  as	   inferred	  by	   the	  
typical	  behavior	  of	  etnean	  lavas	  (Armienti	  et	  al.,	  2009).	  
The	  moles	   added	   to	   the	   system	   have	   to	   be	   partitioned	   between	   clinopyroxene	   and	   olivine,	   accordingly	   to	   the	  
molecular	  ratio	  (𝑟!   = !!"!!"!  !!"#)	  of	  the	  two	  phases:	  ∆𝑋!" = 𝑟! ∙ ∆!	  (eq.	  8.6)	  ∆𝑋!"# = (1 − 𝑟!) ∙ ∆!	  (eq.	  8.7)	  
For	  example	  adding	  moles	  of	  olivine	  involves	  that:	  𝑀𝑔𝑂!"!!"# = 𝑀𝑔𝑂!" +   ∆𝑋!"	  (eq.	  8.8)	  
and	  remembering	  that	  
𝐾!(𝐹𝑒 −𝑀𝑔)!"/!"# = (!!"#!" ∙!!"#!"# )(!!"#!"# ∙!!"#!" ) = 0.3	  (eq.	  8.9)	  (Roeder	  and	  Emslie,	  1970).	  
then	  the	  moles	  of	  FeO	  are	  modified	  accordingly:	  
𝐹𝑒𝑂!"!!"# = !"!!"∙∆!!"!.!!"#!"!.! 	  (eq.	  8.10)	  
Silica	  in	  liquid	  is	  then	  recalculated:	  𝑆𝑖𝑂!  !"!!"# = !! ∙    𝑀𝑔𝑂!"!!"# −   𝑀𝑔𝑂!" +    𝐹𝑒𝑂!"!!"# − 𝐹𝑒𝑂!" 	  (eq.	  8.11)	  
The	   effect	   of	   adding	   olivine	   and	   clinopyroxene	   also	   includes	   major	   variation	   of	   CaO	   and	   Al2O3	   that	   can	   be	  
calculated	  using	  the	  partition	  coefficient	  of	  these	  elements	  between	  clinopyroxene,	  olivine	  and	  liquid	  (Armienti	  et	  
al.,	  2009).	   	  Other	  major	  elements	  like	  Na2O,	  TiO2	  and	  Cr2O3	  for	  pyroxene	  are	  added	  accordingly	  to	  clinopyroxene	  
stoichiometry	  considering	  that	  only	  CaO/Al2O3,	  MgO/FeO	  and	  CaO/MgO	  ratios	  can	  ‘freely’	  vary	  keeping	  constant	  
the	  sum	  of	  CaO	  +	  Al2O3	  +	  MgO	  +	  FeO.	  Armienti	  achieved	  this	  evaluating	  the	  molar	  ratio	  R:	  𝑅 = !"#!!!!!!!!"#!!"# !"!"#!!!!!!!!"#!!"# 	  (eq.	  8.12)	  
and	  setting	  all	  the	  other	  elements	  (E)	  equals	  to:	  𝐸!"#!!"# = 𝑅 ∙ 𝐸!" ∙ 𝑋!!"#	  (eq.	  8.13)	  




If	  after	  these	  adjustments	  Mg#	  liquid	  is	  less	  than	  0.44	  plagioclase	  crystallization	  is	  allowed	  and	  an	  amount	  of	  moles	  
of	  CaO	  accordingly	  to	  the	  molecular	  ratio	  𝑟! = ( !!"#!!"#!  !!"#)	  are	  added	  or	  subtracted.	  Assuming	  that:	  𝐾!  !"#$/!"#!"/!" = 2.1 − 2 ∙𝑀𝑔#	  (eq.	  8.14)	  
the	  stoichiometry	  of	  the	  phases	  and	  mass	  balance	  gives	  the	  final	  equations:	  
𝐶𝑎𝑂!"#!!"#$ = 𝐶𝑎𝑂!"#!!"# +    1 − 𝑟! ∙ ∆! ∙ !"!!"#!!"#!"!!"#!!"# ∙ 𝐾!"#$/!"#!"/!" ∙ (1 − 𝑟!) 	  (eq.	  8.15)	  
𝑁𝑎!𝑂!"#!!"#$ = !!!!!"∙(!"!!"#!!"#$!!"!!"#!!"#)!!  !"#$/!"#!"/!"
 !!!"#!!"#!!  !"#$/!"#!"/!" 	  (eq.	  8.16)	  𝑆𝑖𝑂!  !"#!!"#$ = 𝑆𝑖𝑂!  !"#!!"#$ + 2 ∙ 𝐶𝑎𝑂!"#!!"#$ − 𝐶𝑎𝑂!"#!!"# + 6 ∙ 𝑁𝑎!𝑂!"#!!"#$ = 𝑁𝑎!𝑂!"#!!"# 	  (eq.	  8.17)	  𝐴𝑙!𝑂!  !"#!!"#$ = 𝐴𝑙!𝑂!  !"#!!"# +    𝐶𝑎𝑂!"#!!"#$ − 𝐶𝑎𝑂!"#!!"# +    𝑁𝑎!𝑂!"#!!"#$ = 𝑁𝑎!𝑂!"#!!"# 	  (eq.	  8.1.8)	  
(Armienti	  et	  al.,	  2009)	  
For	  etnean	  products,	  it	  is	  recommended	  to	  assign	  the	  molar	  ratios:	  
𝑟!   = !!"!!"!  !!"# = 0.4	  and	  	  𝑟!   = !!"#!!"#!  !!"# = 0.7	  (eq.	  8.19)	  
where	  𝑋!	   are	   the	  mole	  proportions;	  𝑟!  and	  𝑟!	   values	  derives	   from	  experimental	   studies	   conducted	  on	  historical	  
lavas	   of	   Mt	   Etna	   by	   Dolfi	   and	   Trigila	   (1983);	   Trigila	   et	   al.	   (1990);	   Simakin	   et	   al.	   (1999);	   Scarlato	   et	   al.	   (2004);	  
(Orlando	   et	   al.,	   2008).	   Once	   𝐾!  !"/!"!"#/!"# = 0.27 ± 0.01	   is	   reached	   the	   routine	   stopped	   and	   the	   Putirka’s	  
geothermobarometer	  could	  be	  used.	  An	  example	  of	  input,	  output	  data	  and	  recalculations	  steps	  for	  re-­‐equilibration	  
procedures	  is	  given	  in	  the	  table	  above	  (table	  8.1	  and	  fig.	  8.1).	  Negative	  pressure	  estimations,	  due	  to	  routine	  fails,	  
are	  reported	  in	  table	  13.1	  (Appendix)	  but	  were	  not	  further	  considered.	  
	  










Clinopyroxene	   Final	  melt	  
Sample	   1950-­‐51	  
RM12	  
1950	  a14	   	  
SiO2	  (wt.%)	   48.20	   49.19	   48.78	  
TiO2	  (wt.%)	   1.71	   1.18	   1.82	  
Al2O3	  (wt.%)	   17.43	   4.04	   18.99	  
Cr2O3	  (wt.%)	   -­‐	   0.01	   -­‐	  
Fe2O3	  (wt.%)	   3.88	   -­‐	   4.26	  
FeO	  (wt.%)	   6.67	   7.53	   6.15	  
MnO	  (wt.%)	   0.17	   0.18	   0.18	  
MgO	  (wt.%)	   5.28	   14.20	   3.16	  
CaO	  (wt.%)	   10.06	   22.52	   9.86	  
Na2O	  (wt.%)	   3.96	   0.43	   4.34	  
K2O	  (wt.%)	   1.69	   -­‐	   1.86	  
P2O5	  (wt.%)	   0.55	   -­‐	   0.61	  
Sum	   99.60	   99.28	   100.00	  
Added	  ol	  (mol)	   -­‐0.09	  
Added	  cpx	  (mol)	   -­‐0.08	  
Added	  plag	  (mol)	   -­‐	  
ol/(ol+plg)	  (mol)	   0.52	  
plg/(plg+cpx)(mol)	   -­‐	  
Total	  added	  solid	  (g)	   -­‐8.73	  
Initial	  Fo	   82	  
Final	  Fo	   76	  
Initial	  Kd	  (cpx/liq)	   0.42	  
Final	  Kd(cpx/liq)	   0.27	  
Initial	  An	   94	  
Final	  An	   74	  
Calculated	  T	  (°C)	   1070	  
Calculated	  P(kbar)	   1.2	  
	  
Recalculation	  steps	  
	   Initial	  melt	   Recalculated	  compositions	  after	  5,	  10,	  15,	  20	  and	  25	  
iterations	  
Final	  melt	  
SiO2	  (wt.%)	   48.20	   48.45	   48.50	   48.56	   48.63	   48.70	   48.78	  
TiO2	  (wt.%)	   1.71	   1.73	   1.75	   1.77	   1.78	   1.80	   1.82	  
Al2O3	  (wt.%)	   17.43	   17.72	   17.95	   18.18	   18.44	   18.71	   18.99	  
Cr2O3	  (wt.%)	   -­‐	   -­‐	   -­‐	   -­‐	   -­‐	   -­‐	   -­‐	  
Fe2O3	  (wt.%)	   3.87	   3.94	   4.00	   4.06	   4.12	   4.19	   4.26	  
FeO	  (wt.%)	   6.68	   6.64	   6.57	   6.49	   6.39	   6.28	   6.15	  
MnO	  (wt.%)	   0.17	   0.17	   0.17	   0.17	   0.18	   0.18	   0.18	  
MgO	  (wt.%)	   5.28	   4.97	   4.63	   4.27	   3.91	   3.54	   3.16	  
CaO	  (wt.%)	   10.06	   10.07	   10.03	   10.00	   9.96	   9.91	   9.86	  
Na2O	  (wt.%)	   3.96	   4.03	   4.08	   4.14	   4.20	   4.27	   4.34	  
K2O	  (wt.%)	   1.69	   1.72	   1.75	   1.77	   1.80	   1.83	   1.86	  
P2O5	  (wt.%)	   0.55	   0.56	   0.57	   0.58	   0.59	   0.60	   0.61	  
Sum	   99.60	   100.00	   100.00	   100.00	   100.00	   100.00	   100.00	  
Calculated	  T	  (°C)	   	   1124	   1115	   1106	   1095	   1084	   1071	  
Calculated	  P	  (kbar)	   	   4.1	   3.6	   3.1	   2.5	   1.9	   1.2	  
Kd(cpx/liq)	   0.42	   0.40	   0.37	   0.35	   0.32	   0.30	   0.27	  
Mg#	   59	   57	   56	   54	   52	   50	   48	  
Fo	   82	   82	   81	   80	   78	   77	   75	  
	   Cumulative	  added/subtracted	  moles	  in	  each	  step	  
SiO2	  (mol)	   	   0.534	   0.536	   0.538	   0.541	   0.544	   0.547	  
TiO2	  (mol)	   	   0.014	   0.015	   0.015	   0.015	   0.015	   0.015	  
Al2O3	  (mol)	   	   0.115	   0.117	   0.119	   0.121	   0.123	   0.126	  
Cr2O3	  (mol)	   	   0.000	   0.000	   0.000	   0.000	   0.000	   0.000	  
Fe2O3	  (mol)	   	   0.016	   0.017	   0.017	   0.017	   0.018	   0.018	  
FeO	  (mol)	   	   -­‐0.061	   -­‐0.061	   -­‐0.060	   -­‐0.060	   -­‐0.059	   -­‐0.058	  
MnO	  (mol)	   	   0.002	   0.002	   0.002	   0.002	   0.002	   0.002	  
MgO	  (mol)	   	   -­‐0.082	   -­‐0.076	   -­‐0.071	   -­‐0.065	   -­‐0.059	   -­‐0.053	  
CaO	  (mol)	   	   -­‐0.119	   -­‐0.119	   -­‐0.119	   -­‐0.119	   -­‐0.119	   -­‐0.118	  
Na2O	  (mol)	   	   0.043	   0.044	   0.045	   0.045	   0.046	   0.047	  
K2O	  (mol)	   	   0.012	   0.012	   0.013	   0.013	   0.013	   0.013	  
P2O5	  (mol)	   	   0.003	   0.003	   0.003	   0.003	   0.003	   0.003	  
added	  ol	  (mol)	   	   -­‐0.014	   -­‐0.028	   -­‐0.042	   -­‐0.056	   -­‐0.070	   -­‐0.085	  
added	  cpx	  (mol)	   	   -­‐0.012	   -­‐0.025	   -­‐0.038	   -­‐0.050	   -­‐0.064	   -­‐0.077	  










8.2	  Nimis’	  clinopyroxene	  crystal-­‐structure	  geobarometer	  
Recent	   studies	   have	   shown	   that	   chemical	   and	   structural	   variations	   in	   clinopyroxene	   are	   strongly	   influenced	   by	  
magma	   composition	   and	   P/T	   conditions	   of	   crystallization:	   these	   variations	   could	   be	   used	   as	   good	   petrogenetic	  
indicators	  (Dal	  Negro	  et	  al.,	  1989;	  Ottonello	  et	  al.,	  1992;	  Malgarotto	  et	  al.,	  1993;	  Bertolo	  et	  al.,	  1994;	  Nimis,	  1995;	  
Nimis	  and	  Ulmer,	  1998;	  Nazzareni	  et	  al.,	  2001;	  Nestola	  et	  al.,	  2008).	  
Despite	   the	  most	   common	  geobarometers/thermometers	   that	  usually	   require	   specific	  mineral	   assemblages,	   the	  
knowledge	   of	   equilibrium	   liquid-­‐	   compositions,	   etc.	   (Ghiorso	   and	   Sack,	   1995;	   Putirka,	   2008),	   Nimis	   (1995)	  
geobarometer	  only	  needs	  clinopyroxene	  crystal	  structure	  parameters	  or,	   if	  not	  available,	  accurate	  clinopyroxene	  
compositions.	  This	  approach	  can	  be	  very	  helpful	  to	  avoid	  several	  intricate	  algorithmic	  calculations	  aimed	  to	  find	  a	  
‘plausible’	  equilibrium	  clinopyroxene-­‐liquid	  composition.	  
Crystal	   structure	   response	  of	  clinopyroxene	   in	  basaltic	   systems	  was	  deeply	   investigated	  by	  several	  authors	  since	  
the	  early	  works	  of	  Knutson	  and	  Green	  (1975)	  and	  Green	  and	  Hibberson	  (1970)	  that	  firsts	  attempted	  to	  compare	  
natural	  clinopyroxene	  structure	  with	  experimental	  analogs	  at	  known	  P-­‐T	  conditions.	  In	  the	  late	  80’s	  Dal	  Negro	  et	  
al.	  (1989)	  showed	  that	  structural	  parameters	  as	  cell	  volume	  and	  M1	  site	  volume	  in	  clinopyroxenes	  could	  be	  used	  
as	   valid	   geobarometer	   markers.	   The	   subsequent	   works	   of	   Ottonello	   et	   al.	   (1992);	   Bertolo	   et	   al.	   (1994);	   Nimis	  
(1999)	  aimed	  to	  find	  a	  direct	  correlation	  between	  clinopyroxene	  composition	  and	  cell	  parameters	  through	  a	  linear	  
combination	  of	  atomic	  fractions	  on	  structural	  sites	  multiplied	  by	  empirical	  regression	  coefficients.	  
Nimis’	  geobarometer	   is	  based	  on	  a	  modified	  version	  of	  Ottonello	   et	  al.	   (1992)	  algorithm	  yielding	  more	  accurate	  
pressure	   estimations	   for	   low-­‐Ca	   pyroxenes	   which	   represent	   the	   typical	   of	   many	   high	   pressure	   magmatic	  
clinopyroxenes	  (Nimis,	  1995).	  	  
Nimis’	  geobarometer	  could	  be	  used	  in	  two	  distinct	  ways:	  if	  XRD	  data	  are	  available	  pressure	  can	  be	  easily	  estimated	  
via	  eq.	  8.1	  otherwise	  it	  needs	  some	  calculation	  to	  obtain	  structural	  parameters	  by	  chemical	  analyses	  (EMPA)	  (eq.	  
8.0).	  
If	  no	  structural	  data	  are	  available,	  Nimis	  (1999)	  recommends	  to	  process	  EMPA	  clinopyroxene	  analyses	  with	  Papike	  
et	  al.	   (1974)	  algorithms	  to	  easily	  convert	  oxides	  wt.%	   into	  atoms	  per	   formula	  unit	   (hereafter	  a.p.f.u.)	  and	  to	  get	  
chemical	   quality	   evaluations	   based	   on	   residual	   charges	   and	   cation	   fraction	   deficiency	   in	   structural	   sites.	   The	  
following	  restraints	  were	  then	  adopted	  to	  verify	  the	  quality	  of	  the	  analyses:	  
• sum	  of	  T-­‐site	  cations:	  Si	  +	  AlT	  (2	  -­‐	  Si)+	  (Fe3+)	  =2.000	  ±	  0.002	  a.p.f.u.;	  
• sum	  of	  M1-­‐site	  cations:	  Al	  -­‐	  AlT	  +	  Fe3+	  +	  Ti4+	  +	  Cr3+	  +	  Mg	  2+	  +	  Fe2+	  and	  	  M2-­‐site	  cations:	  Ca2+	  +	  Na	  +	  Mn2+	  +	  
(Mg2+	  +	  Fe2+)	  =	  2.000	  ±	  0.005	  a.p.f.u.;	  
• M2-­‐site	  Ca+Na>	  0.45	  a.p.f.u.	  (fixed	  to	  avoid	  that	  subcalcic	  compositions	  could	  represent	  intergrowths	  of	  a	  
calcic	  phase	  with	  a	  subcalcic	  one);	  
• Mg-­‐Fe2+	  distribution	  is	  estimated	  via	  a	  modified	  Molin	  and	  Zanazzi	  (1991)	  model;	  
• P/T	  effects	  on	  cell	  and	  M1	  site	  volumes	  are	  corrected	  for	  thermal	  expansivity	  and	  compressibility	  at	  the	  
experimental	  conditions	  (Nimis,	  1999).	  
Regression	  coefficients	  from	  over	  than	  200	  experimental	  routines	  at	  controlled	  P,	  T	  and	  chemical	  conditions	  give	  
the	  final	  equation:	  	  𝑃 𝑘𝑏𝑎𝑟 =   698.433   +   4.985 ∙ 𝐴𝑙!   –   26.826 ∙ 𝐹𝑒!!!!   –   3.764 ∙ 𝐹𝑒!!   +   53.989 ∙ 𝐴𝑙!!   +   3.948 ∙ 𝑇𝑖   +   14.651 ∙𝐶𝑟 −   700.431 ∙ 𝐶𝑎  –   666.629 ∙ 𝑁𝑎   −   682.848 ∙𝑀𝑔!!  –   691.138 ∙ 𝐹𝑒!!!! −   688.384 ∙𝑀𝑛  –   6.267 ∙ (𝑀𝑔!!)! −  4.144 ∙ (𝐹𝑒!!!!)!	  (eq.	  8.0)  




This	  condensed	  equation	  is	  composed	  by	  two	  main	  sub-­‐equations	  that	  allow	  estimating	  cell	  and	  M1	  site	  volume.	  
The	  standard	  deviation	  on	  P	  estimate	  is	  ±	  1.7	  kbar	  (Nimis	  and	  Ulmer,	  1998;	  Nimis,	  1999).	  	  
In	  order	  to	  highly	  reduce	  the	  systematic	  error	  due	  to	  the	  effect	  of	  propagation	  of	  uncertainties	  on	  clinopyroxene	  
chemical	   analyses,	   authors	   recommend	   using	   directly	   refined	   single-­‐crystal	   XRD	   data	   bypassing	   the	   whole,	  
complicated,	   structural	  estimations.	  Once	  collected	   single	   crystal	  XRD	  data	  we	  used	  ShelX™	  software	   (Sheldrick,	  
2008)	  to	  obtain	  a	  refined	  crystal	  structure.	  When	  lattice	  parameters	  are	  accurately	  estimated	  we	  need	  to	  calculate	  
M1	   polyhedron	   volume	   by	   cation-­‐oxygen	   distance;	   to	   do	   this	   arduous	   task	   we	   used	   XtalDraw™	   software	  
(Bartelmehs	   et	   al.,	   1993)	   that	   greatly	   simplifies	   the	   calculation	   of	   irregular	   polyhedral	   volumes.	   Once	  V!"##!"#and	  V!"!"#	  are	  calculated,	  pressure	  can	  easily	  be	  estimated	  as:	  𝑃 𝑘𝑏𝑎𝑟 = 771.475 − 1.323 ∙ 𝑉!"##!"# − 16.064 ∙ 𝑉!!!"#   	  (eq.	  8.1)(Nimis,	  1999)	  
The	  resulting	  P	  (table	  13.2)	  are	  plotted	  together	  with	  the	  Putirka’s	  ones	  using,	   for	  each	  eruption,	  the	  average	  T-­‐



























Mt	  Etna	  is	  one	  of	  the	  most	  studied	  volcanoes	  worldwide:	  furthermore	  it	  can	  boast	  a	  huge	  scientific	  and	  historical	  
literature	  since	  the	  Roman	  Age	  to	  nowadays.	  One	  of	  the	  most	  intriguing	  topics	  about	  the	  recent	  evolution	  of	  Mt	  
Etna	  products	  is	  undoubtedly	  the	  anomalous	  enrichment	  of	  K,	  Rb,	  Cs	  and	  87Sr/86Sr	  observed	  since	  the	  second	  half	  
of	  XVIIth	  century	  that	  become	  more	  and	  more	  evident	  in	  the	  last	  40	  years.	  As	  stated	  before,	  geochemical	  changes	  
are	  accompanied	  with	  volcanological	  changes	  related	  to	  the	  frequency	  and	  explosivity	  of	  the	  eruptive	  events	  and	  
to	  the	  total	  volume	  of	  erupted	  products.	  	  
Even	  if	  a	  wealth	  of	  studies	  were	  done,	  we	  discovered	  some	  new	  intriguing	  geochemical	  aspects	  of	  etnean	  historical	  
and	  modern	  products	  never	  reported	  before.	  We	  reached	  this	  important	  goal	  thanks	  to	  a	  meticulous	  sampling	  of	  
the	  studied	  products,	  an	   improvement	   in	  accuracy	  and	  precision	  of	   the	   ‘ordinary’	  analytical	   routines	  and	  a	   fine-­‐
tuning	  of	  the	  instrumental	  apparatus.	  
	  
9.1	  Major	  element	  variations	  
9.1.1	  ‘K-­‐like’	  elements	  
The	   most	   striking	   variation	   occurred	   in	   etnean	   historical	   to	   modern	   products	   is	   undoubtedly	   the	   anomalous	  
enrichment	  in	  K,	  Rb,	  Cs	  well	  visible	  since	  1700	  and,	  in	  particular,	  since	  1970’s	  (Tanguy	  and	  Kieffer,	  1976;	  Cristofolini	  
et	  al.,	  1984;	  Joron	  and	  Treuil,	  1984;	  Tanguy	  and	  Clocchiatti,	  1984;	  Clocchiatti	  and	  Joron,	  1985;	  Condomines	  et	  al.,	  
1995).	  As	  we	  will	   discuss	   in	   the	  next	  paragraphs,	   potassium	  enrichment	   is	   coupled	  with	  Rb	  and	  Cs	  due	   to	   their	  
similar	  geochemical	  affinities	  (Canney,	  1952).	  
The	   extent	   of	   potassium	   enrichment	   is	   very	   striking,	   and	   since	   A.D.	   1971	   it	   caused	   a	   shift	   from	   Na-­‐	   affinity	  
(characterizing	   the	   whole	   etnean	   eruptive	   history	   since	   0.6	   Ma)	   to	   K-­‐affinity	   with	   the	   emplacement	   of	   K-­‐
trachybasalts	  that	  represent	  the	  most	  common	  presently	  erupted	  products	  (fig.	  5.58)	  (Bottari	  et	  al.,	  1975;	  Tanguy	  
and	  Kieffer,	  1976;	  Armienti	  et	  al.,	  1988;	  Clocchiatti	  et	  al.,	  1988;	  Corsaro	  et	  al.,	  2009b).	  	  
As	  expected,	  our	  data	  confirm	  that	  there	  is	  a	  linear	  correlation	  between	  any	  differentiation	  index	  like	  Th,	  MgO	  or	  
SiO2	  with	  K,	  Rb	  and	  Cs	  is	  found	  for	  all	  of	  the	  historical	  products	  (i3)	  while	  modern	  lavas	  (i4	  and	  i5)	  markedly	  diverge	  
(figg.	  7.59à7.61).	  All	  other	  elements	  draw	  linear	  trends	  for	  the	  whole	  investigated	  periods	  (e.g.	  Ni,	  La,	  Zr,	  etc.):	  this	  
is	  why	  K,	  Rb,	  Cs	  enrichments	  are	  called	  ’anomalous’.	  	  	  
The	  entity	  of	  this	  enrichment	  with	  respect	  to	  the	  extrapolated	  value	  from	  i3	  trend	  (hereafter	  EVi3)	  is	  quite	  similar	  
for	   all	   of	   these	  elements,	   being	   respectively	   +37%	   for	  K,	   +55%	   for	  Rb	  and	  +48%	   for	  Cs.	  More	   interestingly	  melt	  
inclusions	  in	  deep-­‐crystallized	  olivine	  (up	  to	  9	  km)	  result	  already	  enriched	  in	  ‘K-­‐like’	  elements	  (Métrich	  et	  al.,	  2004;	  
Spilliaert	  et	  al.,	  2006a).	  
The	  origin	  of	  this	  geochemical	  feature	  cannot	  be	  explained	  by	  simple	  crystal	  fractionation	  and	  its	  emergence	  in	  a	  
short	   interval	   of	   time	   has	   puzzled	   geochemists	   for	   years	   (Ferlito	   and	   Lanzafame,	   2010).	   The	   cause	   of	   this	  
enrichment	  is	  still	  debated;	  some	  authors	  suggest	  the	  assimilation	  of	  sediments	  underlying	  the	  volcanic	  edifice	  or	  
from	  selective	  contamination	  of	  magma	  during	  its	  migration	  to	  the	  surface	  (Joron	  and	  Treuil,	  1984;	  Clocchiatti	  and	  
Joron,	  1985;	  Condomines	  et	  al.,	  1995;	  Tonarini	  et	  al.,	  1995).	  Other	  authors	  interpreted	  the	  ‘K-­‐like’	  enrichment	  as	  
being	  inherited	  from	  the	  partial	  melting	  of	  a	  chemically	  and	  isotopically	  heterogeneous	  mantle	  source	  (Armienti	  et	  
al.,	   1989;	   Barbieri	   et	   al.,	   1993;	   Corsaro	   and	   Cristofolini,	   1996).	   Schiano	   et	   al.	   (2001)	   and	   Tonarini	   et	   al.	   (2001)	  
interpreted	  the	  enrichment	  as	  the	  signature	  of	  fluids	  released	  from	  the	  subducting	  Ionian	  slab.	  Recently	  Ferlito	  et	  
al.	   (2008);	   Ferlito	   and	   Lanzafame	   (2010);	  Nicotra	   et	   al.	   (2010)	   suggest	   the	  presence	  of	   a	  deep-­‐seated	  magmatic	  











9.1.2	  Iron	  redox	  ratio	  and	  fO2	  estimations	  for	  etnean	  products	  
Another	  intriguing	  aspect	  of	  Mt	  Etna	  products	  is	  their	  anomalously	  high	  ferric/ferrous	  iron	  ratio.	  Fe2O3/FeO	  ratio	  of	  
recent	  Mt	  Etna	   lavas	   largely	  exceeds	   the	  World	  average	  value	  of	  0.30	  determined	   for	   fresh	   trachybasaltic	   rocks	  
(Middlemost,	  1989).	  Sato	  et	  al.(1973)	  first	  observed	  that	  magmatic	  gases	  released	  from	  a	  series	  of	  hornitos	  close	  
to	  NEC	  during	  July	  1970	  eruption	  had	  higher	  oxygen	  fugacity	  than	  those	  measured	  in	  Makaopuhi	  lava	  lake,	  Hawaii.	  
According	   to	   the	  authors	   this	  was	  probably	  due	   to	   ‘intrinsically	  higher	   fO2	  of	   the	  Etna	  magma	  and	  partly	   to	   the	  
mixing	  of	  air	  with	  the	  Etna	  gases’.	  	  
Several	  other	  evidences	  point	  to	  a	  significantly	  higher	  fO2	  for	  etnean	  magmas:	  	  
§ extremely	  high	  production	  of	  oxidized	  species	  like	  SO2	  and	  CO2	  (Allard	  et	  al.,	  1991);	  	  
§ high	  H2O	   content	   in	   olivine	   glass	   inclusions	   (Métrich	   et	   al.,	   1993;	  Métrich	   et	   al.,	   2004;	   Spilliaert	   et	   al.,	  
2006a);	  	  
§ the	   occurrence	   of	   Ti-­‐magnetite	   as	   an	   early	   crystallizing	   phase	   (Chester	   et	   al.,	   1985;	   Viccaro	   and	  
Cristofolini,	  2008)	  
§ the	  low	  Eu	  partition	  coefficient	  between	  plagioclase	  and	  melt,	  indicative	  of	  high	  Eu3+/Eu2+	  ratios	  (D'Orazio	  
et	  al.,	  1998)	  
§ the	  low	  V	  partition	  coefficient	  between	  Ti-­‐	  magnetite	  and	  melt,	  indicative	  of	  high	  V5+/V3+	  ratios	  (D'Orazio	  
et	  al.,	  1998).	  
To	  our	  knowledge	  there	  are	  no	  studies	  that	  thoroughly	  investigating	  this	  peculiarity	  of	  Mt	  Etna	  magmas.	  As	  stated	  
before,	  to	  best	  describe	  this	  peculiarity	  and	  trying	  to	  find	  some	  relationships	  between	  lava	  iron	  oxidation	  ratio,	  fO2	  
and	  historical	  changes	   in	  Mt	  Etna	  activity	  and	  products,	  we	  determined	  Fe2O3/FeO	  ratio	  for	  most	  of	  the	  samples	  
collected.	  
Iron	  redox	  state	  in	  magmas	  is	  mainly	  controlled	  by	  three	  factors:	  fO2,	  T	  and	  bulk	  composition	  (Kennedy,	  1948;	  Sack	  
et	  al.,	  1980;	  Kress	  and	  Carmichael,	  1991;	  King	  et	  al.,	  2000)	  that	  both	  influence	  density,	  rheology	  and	  crystallization	  
history	   controlling	   phases	   stability	   fields	   (Eugster,	   1957;	   Osborn,	   1959;	   Eugster	   and	  Wones,	   1962;	   Roeder	   and	  
Emslie,	   1970;	   Gill,	   1981;	   Dingwell	   and	   Virgo,	   1987;	   Dingwell	   and	   Brearley,	   1988;	   Lange	   and	   Carmichael,	   1990;	  
Beattie	  et	  al.,	  1991;	  Dingwell,	  1991;	  Beattie,	  1993;	  Snyder	  et	  al.,	  1993;	  Toplis	  and	  Carroll,	  1995;	  Ottonello	  et	  al.,	  
2001;	   Arculus,	   2003;	   Berndt	   et	   al.,	   2005;	   Moretti,	   2005;	   Feig	   et	   al.,	   2006).	   It’s	   important	   to	   stress	   that	   the	  
ferric/ferrous	  ratio	  monitors	  efficiently	  fO2	  in	  those	  melts	  volcanic	  rocks	  that	  can	  be	  safely	  assumed	  to	  be	  free	  of	  
cumulates	   (Frost,	  1991).	  To	  be	  safely	   sure	   that	   this	   issue	  did	  not	  affect	  our	  data	  we	  prefer	   to	  use	  only	  carefully	  
selected	   free-­‐cumulate	   samples.	   Even	   if	   we	   didn’t	   selected	   completely	   cumulate-­‐free	   samples,	   we’re	   mostly	  
interested	  in	  relative	  changes	  of	  iron	  ratio	  and	  oxygen	  fugacity	  within	  historic	  lavas	  not	  in	  their	  absolute	  values.	  
We	  compared	  our	  results	  with	  the	  only	  two	  published	  estimates	  of	  oxygen	  fugacity	  for	  the	  1970	  and	  1991-­‐1993	  
eruptions.	  We	  may	  notice	  that	  our	  results	  (average	  of	  estimations)	  are	  in	  good	  agreement	  with	  those	  reported	  by	  
Sato	  et	  al.	  (1973)	  and	  Armienti	  et	  al.	  (1994)	  for	  1970	  and	  1991-­‐1993	  eruptions	  (table	  9.1).	  
Eruption	  Year	   Literature	   Our	  data	  
1970	   -­‐7.39*	   -­‐7.01	  (1971)	  
1991	  -­‐	  1993	   -­‐7.80|	   -­‐7.89	  (1993)	  
	  
Although	  total	  iron	  in	  etnean	  lavas	  markedly	  increased	  in	  the	  lasts	  2000	  years,	  rising	  from	  about	  2.5	  up	  to	  5.2	  wt.%	  
and	  from	  4.5	  up	  to	  7.75	  wt.%	  for	  Fe2O3	  and	  FeO	  respectively	  (see	  table	  7.2),	  their	  ratio	  do	  not	  significantly	  vary,	  
leading	  to	  negligible	  changes	  in	  calculated	  fO2	  neither	  within	  each	  eruptive	  phase,	  nor	  between	  phases	  (table	  9.2).	  











i3	  (122	  b.C.	  -­‐	  	  A.D.	  1634)	   -­‐8.06	   -­‐7.53	   -­‐7.81	  
i4	  (A.D.	  1634	  –	  A.D.	  1971)	   -­‐7.88	   -­‐7.41	   -­‐7.69	  
i5	  (A.D.	  1971	  –	  today)	   -­‐7.97	   -­‐7.56	   -­‐7.83	  
	  
We	  may	  argue	   that	   volcanological,	   geochemical	   and	  petrological	   changes	  observed	   for	  etnean	  historical	   activity	  
are	   not	   related	   to	   changes	   in	   fO2	   that	   is	   almost	   constant	  within	   the	  whole	   investigated	   period.	   Furthermore	   it	  
seems	   that	   similar	   fO2	   values	   (-­‐7.8	   to	   -­‐6.5	   log	   units)	   also	   characterized	   lavas	   erupted	   during	   the	   earlier	   Ellittico	  
Phase	  (80	  to	  15	  ka)	  (D'Orazio	  et	  al.,	  1998).	  	  	  
The	  higher	  Fe2O3/FeO	  ratios	  recorded	  in	  etnean	  products	  (table7.2	  and	  fig.	  7.53)	  with	  respect	  to	  those	  measured	  
on	  others	  active	  basaltic	  volcanoes	  (e.	  g.	  Hawaii:	  0.3)	  can	  be	  related	  to	  the	  higher	  content	  of	  dissolved	  water	  in	  the	  
melts	   (Baker	  and	  Rutherford,	  1996;	  Botcharnikov	   et	  al.,	  2005;	  Kelley	  and	  Cottrell,	  2009).	   	  Recent	  works	  on	  melt	  
inclusion	  in	  olivine	  found	  within	  etnean	  lavas	  indicate	  that	  the	  typical	  amount	  of	  water	  in	  etnean	  magmas	  prior	  to	  
degassing	  is	  3.5-­‐4	  wt.%	  (Métrich	  et	  al.,	  1993;	  Del	  Carlo	  and	  Pompilio,	  2004;	  Métrich	  et	  al.,	  2004;	  Kamenetsky	  et	  al.,	  
2007;	  Collins	  et	  al.,	  2009),	   far	  from	  the	  typical	  values	  of	   ‘intraplate’	  basaltic	  magmas	  that	   is	  usually	   less	  than	  1.5	  




















Table	  9.2:	  average	  fO2	  values	  within	  investigated	  periods.	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9.2	  Trace	  elements	  
In	  addition	  to	  K-­‐like	  elements,	  we	  discovered	  that	  also	  Be,	  Tl	  and	  REE	  behave	  in	  the	  same	  ‘anomalous’	  way.	  This	  is	  
the	  first	  report	  on	  these	  anomalies.	  
9.2.1	  Thallium	  
Thallium	   (Tl)	   has	   an	   extremely	   low	   concentration	   of	   about	   0.7	   µg/g	   in	   earth’s	   crust	   (Jović,	   1998);	   in	   etnean	  
products	  Tl	  ranges	  between	  0.01	  and	  0.41	  ppm.	  	  
In	   its	   reduced	   state	   (+1),	   thallium	   can	  be	   considered	   as	   a	   ‘K-­‐like’	   element,	   so	   it	   is	   not	   surprising	   that	  we	   found	  
analogous	   anomalies	   as	   those	   elements.	   In	   the	   silicate	   Earth	   Tl	   is	   a	   highly	   incompatible	   trace	   element	  which	   is	  
mainly	  concentrated	  in	  K-­‐bearing	  phases	  like	  k-­‐feldspar	  and	  micas	  due	  to	  similarity	  in	  ionic	  radius	  (Tl:	  1.49Å)	  to	  the
others	  alkali	  metals	  K	  (1.33	  Å),	  Rb	  (1.49	  Å)	  and	  Cs	  (1.65	  Å).
Tl	  also	  shows	  chalcophile	  behavior	  in	  the	  presence	  of	  sulphide	  melts	  and	  S-­‐rich	  fluids	  following	  lead,	  aluminum	  and	  
gold	  (Shaw,	  1952;	  McGoldrick	  et	  al.,	  1979;	  Heinrichs	  et	  al.,	  1980).	  Tl	  can	  be	  considered	  a	  sensitive	   indicator	  of	  S	  
saturation	  of	  silicate	  magmas	  because	  in	  magmas	  undersatured	  in	  S	  it	  follows	  the	  alkalies	  and	  it	  is	  partitioned	  into	  
the	  silicates;	  sulphur-­‐	  supersatured	  S	  magmas	  the	  chalcophile	  behavior	  of	  Tl	  is	  dominant	  and	  either	  the	  Tl+	  and	  Tl3+	  
can	  coordinate	  with	  S	  (Sahl,	  1974;	  McGoldrick	  et	  al.,	  1979).	  
In	   volcanic	   systems,	   Tl	   is	   distinctly	  more	   volatile	   than	   alkaline	   elements,	   and	   usually	   it	   is	   degassed	   as	   a	   volatile	  
chloride,	  mainly	  in	  the	  form	  of	  TlCl	  (Shaw,	  1952;	  Hinkley	  et	  al.,	  1994;	  Gauthier	  and	  Le	  Cloarec,	  1998;	  Churakov	  et	  
al.,	  2000;	  Baker	  et	  al.,	  2009).	  
In	   igneous	   systems	   Tl	   is	   usually	   enriched	   in	   evolved	   melts	   and	   in	   late-­‐magmatic	   products	   like	   pegmatites.	   In	  
basaltic	   rocks	   it	   can	   theoretically	   be	   incorporated	   in	   clinopyroxene	   or	   amphibole	   lattice	   as	   Tl3+,	   but	   its	  
concentration	   is	   very	   low	   due	   to	   the	   strong	   reducing	   conditions	   generally	   characterizing	   basaltic	  melts	   sources	  
(Shaw,	  1952).	  As	  we	  have	  just	  seen	  etnean	  magmas	  show	  higher	  oxidizing	  conditions	  with	  respect	  to	  other	  basaltic	  
systems	  giving	  the	  possibility	  to	  accommodate	  Tl3+	  in	  the	  clinopyroxene	  lattice.	  
In	   sedimentary/metamorphic	   environments	   Tl	   and	   the	   alkaline	   elements	   are	   strongly	   enriched	   in	   altered	   upper	  
oceanic	   crust	   (McGoldrick	   et	   al.,	   1979;	   Rehkämper	   and	   Nielsen,	   2004;	   Nielsen	   et	   al.,	   2007).	   Tl	   enrichment	   in	  
palagonitized	  basalts	  relative	  to	  fresh	  rocks	  is	  equivalent	  or	  much	  greater	  than	  that	  of	  Cs	  and	  Rb;	  hence	  Tl	  may	  be	  
a	  good	  indicator	  of	  basalt	  seawater	  interaction	  (McGoldrick	  et	  al.,	  1979).	  	  
Alkalies	   are	   taken	   up	   in	   smectites	   that	   are	   the	   principal	   product	   of	   seafloor	   basalt	   alteration	   (Melson	   and	  
Thompson,	  1973;	  Thompson,	  1973;	  Hajash,	  1975;	  Humphris	  and	  Thompson,	  1978).	  However	  alteration	  of	  seafloor	  
basalt	  also	   involves	  oxidation	  of	  both	  Fe	  and	  Mn;	  under	  this	  conditions	  Tl	   in	  trivalent	  state	  form	  the	   insoluble	  Tl	  
(OH3)	  which	  may	  co-­‐precipitate	  with	  ferro-­‐manganese	  oxidation	  products	  (McGoldrick	  et	  al.,	  1979).	  
Recent	  etnean	  products	  (i5)	  show	  a	  higher	  Tl/Th	  ratio	  with	  respect	  to	  the	  older	  ones	  distinctly	  deviating	  from	  the	  
well-­‐defined	   linear	   trend	   drawn	   by	   i3	   and	   i4	   samples	   (fig.	   7.62)	   The	   entity	   of	   Tl	   enrichment	   is	   abnormal	   with	  
respect	  to	  ‘K-­‐like’	  elements	  reaching	  values	  up	  to	  +300%	  for	  today’s	  samples	  (2006	  and	  2009	  A.D.	  eruptions)	  with	  
respect	  to	  EVi3.	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9.2.2	  Beryllium	  
Despite	   the	  very	   low	  concentration	  of	  Be	   in	  etnean	  products,	  commonly	  varying	  between	  1.64	   to	  3.63	  ppm,	  we	  
discovered	  that	  in	  modern	  samples	  Be	  behaves	  ‘anomalously’	  as	  K-­‐like	  elements	  and	  Tl.	  
Although	  belonging	  to	  the	  alkaline	  earth	  element	  group,	  Be	  has	  peculiar	  geochemical	  properties	  showing	  affinities	  
to	  Al,	  Si,	  Mn,	  Nd	  and	  Zr.	  Due	  to	  its	  small	   ionic	  radius	  (0.27	  Å),	  the	  mixed	  electron	  orbital	  configurations	  that	  give
rise	  to	  significant	  covalency	  and	  a	  charge	  density	  between	  that	  of	  Si	  and	  Al	  but	  with	  a	  different	  valence	  state	  (+2	  vs	  
+4/+3	  respectively),	  Be	  behaves	  as	  a	  strongly	   incompatible	  elements	   (Goldschmidt	  and	  Muir,	  1954;	  Evensen	  and	  
London,	  2002;	  Ryan,	  2002).	  
The	  close	  similarity	  between	  the	  ionic	  radii	  of	  Be2+	  and	  Si4+	  allows	  Be	  to	  substitute	  Si	  into	  tetrahedral	  sites	  in	  almost	  
all	  silicates.	  The	  highest	  Be	  mineral/melt	  partition	  coefficients	  for	  the	  most	  common	  minerals	  in	  basaltic	  rocks	  are	  
0.21-­‐0.35	  for	  plagioclase	  and	  0.21-­‐0.26	  for	  amphibole.	  Be	  can	  enter	  this	  phases	  substituting	  Al3+	  paired	  with	  Ca2+	  
for	  Na+	  in	  plagioclase	  and	  Si4+	  for	  Al3+	  in	  amphibole	  (Monaghan	  et	  al.,	  1988;	  Ryan,	  1989,	  2002).	  
In	   the	  systematic	  of	   igneous	   rocks	  Be	  behaves	  as	  LREE	   (and	   to	  a	   less	  extent	  HFSE)	  during	  melting/crystallization	  
processes	  tending	  to	  accumulate	  in	  evolved	  and	  late	  magmatic	  products	  (e.g.	  pegmatites)	  (Goldschmidt	  and	  Muir,	  
1954;	  Ryan,	  2002).	  Due	  to	  its	  characteristics	  Be	  behaves	  as	  varying	  a	  fluid	  (H2O)	  immobile	  element	  at	  least	  relative	  
to	  other	  alkalies	  and	  boron	  (Ryan,	  2002).	  
Be	   concentrations	   in	   sedimentary	   rocks	   range	   widely	   with	   compositions,	   being	   clays	   the	   more	   enriched.	   In	  
metamorphic	   rocks	   and	   subduction-­‐associations	   (oceanic	   seafloor	   +	   sediments)	   Be	   is	   generally	   housed	   in	  white	  
micas,	  Mn-­‐oxyhydroxide	  and	  to	  a	  less	  extent	  in	  feldspars	  and	  amphiboles	  (Dean	  and	  Parduhn,	  1979;	  Sharma	  and	  
Somayajulu,	  1982;	  Tanaka	  et	  al.,	  1982;	  Domanik	  et	  al.,	  1993;	  You	  et	  al.,	  1994;	  Zheng	  et	  al.,	  1994;	  Bebout,	  2011).	  
Moreover	   phengitic-­‐micas	   dissolution	   during	   subduction	   processes	   can	  mobilize	   significant	   concentration	   of	   Be	  
that	   can	   be	   efficiently	   transferred	   from	   metabasites	   and	   sediments	   to	   the	   mantle	   wedge	   by	   Cl/F-­‐Si	   rich	   fluid	  
phases	  generating	  a	  consistent	  ‘Be-­‐anomaly’	  (Schmidt	  and	  Poli,	  2003).	  Due	  to	  its	  geochemical	  peculiarity	  Be	  can	  be	  
used	   as	   a	   good	   tracer	   for	   studying	   igneous	   processes,	   particularly	   in	   subduction-­‐related	  magmatism	   where	   Be	  
systematics	  are	  widely	  considered	  as	  one	  of	  the	  most	  reliable	  subduction	  ‘hints’	  (Ryan,	  2002).	  
Be	  content	  in	   i3	  and	  i4	  samples	  show	  a	  well-­‐defined	  linear	  trend	  with	  respect	  to	  differentiation	  indexes	  (e.g.	  Th)	  
while	   i5	  products	   ‘pop	  out’	  being	  about	  +19%	  more	  enriched	  with	   respect	   to	   the	  extrapolated	  values	   from	   i3-­‐i4	  





REEs	  are	  widely	  considered	  as	  effective	  geological-­‐processes	  indicators	  due	  to	  their	  similar	  geochemical	  behavior.	  
All	  REEs	  are	  lithophile	  elements	  with	  3+	  valence	  except	  for	  Cerium	  that	  can	  be	  found	  in	  a	  4+	  valence	  and	  Europium	  
that,	  in	  turn,	  can	  be	  reduced	  to	  2+	  state	  giving	  the	  possibility	  to	  be	  incorporated	  in	  mineral	  lattice	  or	  not	  (e.g.	  the	  
so	   called	   cerium	   and	   europium	   anomalies).	   Ionic	   radii	   and	   oxidation	   state	   differences	   allows	   them	   to	   slowly	  
becoming	  enriched/	  depleted	   in	  melts	   giving	   the	  possibility	   to	   track	   all	   of	   those	   complex	  petrological	   processes	  
occurring	  during	  magma	  segregation/crystallization.	  
Mt	  Etna	  products	  show	  an	  OIB-­‐like	  pattern	  (figg.	  7.64	  –	  7.65	  –	  9.1)	  characterized	  by	  a	  marked	  LREEs	  enrichment	  
trend	   from	  Basal	  Tholeiites	   to	  Valle	  del	  Bove	  Centers	  products	   (about	  +1000%).	  This	  enrichment	   trend	  does	  not	  
affect	  the	  i4	  and	  i5	  products	  that,	  in	  turn,	  show	  a	  slight	  depletion	  with	  respect	  to	  the	  i3	  ones	  (about	  -­‐20%).	  	  
More	   interestingly	  MREEs	   and	   HREEs	   show	   anomalous	   trends	   similar	   to	   K,	   Rb,	   Cs,	   Tl	   and	   Be	  with	   respect	   to	   a	  
chosen	   differentiation	   index	   (e.g.	   Th)(figg.	   7.66à7.72).	   This	   ‘anomaly’	   can	   be	   quantified	   as	   +10%	   and	   +20%	   for	  





















Figure	  9.1:	  REEs	  diagram	  for	  etnean	  samples	  normalized	  to	  OIB	  (Sun	  and	  McDonough,	  1989).	  Data	  for	  BT,	  TP	  and	  VDBC	  






9.3	  Clinopyroxene	  geochemical	  variations	  
Looking	   at	   the	   whole	   investigated	   period	   a	   slight	   time-­‐related	   transition	   from	   augite	   to	   diopside	   is	   visible	   (fig.	  
7.31).	  In	  addition	  historical	  and	  modern	  clinopyroxenes	  show	  a	  main	  trend	  of	  ‘alkalinization’	  (Le	  Bas,	  1962;	  Nisbet	  
and	   Pearce,	   1977)	   contradicting	   the	   hypothesis	   of	   ongoing	   ‘calc-­‐alkalinization’	   of	   etnean	   historical	   products	  
suggested	   by	   Schiano	   et	   al.	   (2001)	   (figg.	   9.2à9.4).	   Paired	   CaO	   enrichment	   and	   depletion	   in	   Na2O	   in	   both	  
clinopyroxenes	  and	  whole	  rocks	  are	  clearly	  visible	  during	  the	  investigated	  period;	  more	  interestingly	  a	  time-­‐related	  




The	   small	   compositional	   variations	  detected	  within	  each	   samples	  were	   thoroughly	  examined	   to	   gather	  precious	  
information	  about	  P	  and	  T	  paths	  for	  each	  eruptions	  (see	  next	  paragraph).	  
Crystallographic	  data	  (table	  13.2)	  shows	  an	  increase	  over	  the	  time	  of	  Vcell	  and	  VT	  and	  a	  decrease	  in	  VM1	  that	  could	  
be	  linked	  to	  changes	  in	  oxygen	  fugacity	  in	  etnean	  lavas	  (figg.	  9.5à9.7).	  Because	  Fe3+	  is	  mainly	  incorporated	  in	  M1	  
site	  via	  an	  exchange	  of	  the	  type	  (Me,	  Fe2+)M1SiT	  à	  Fe
3+
M1AlT,	  an	  increase	  of	  fO2	  will	  produce	  an	  increase	  in	  Vcell	  (by	  
increasing	  the	  mean	  ionic	  radius	  in	  T	  site)	  and	  a	  marked	  decrease	  in	  VM1	  as	  a	  consequence	  of	  the	  decreasing	  mean	  
ionic	  radius	  in	  M1	  site	  (Dolfi,	  1996).	  	  
Unfortunately,	  as	  discussed	  above,	  no	  relevant	  changes	  in	  oxygen	  fugacity	  occurred	  within	  the	  investigated	  period	  
so	   we	   suggest	   that	   structural	   changes	   in	   clinopyroxenes	   could	   be	   accounted	   to	   changes	   in	   the	   depth	   of	  
crystallization	  (see	  chapter	  8.2	  Nimis’	  clinopyroxene	  crystal	  structure	  geobarometer).	  	  
9.2 9.3
9.4
Figures	  9.2à9.4:	  Nisbet	  and	  Pearce	  (1977)	  and	  Le	  Bas	  (1962)	  
diagrams	   for	   etnean	   clinopyroxene	   in	   sampled	  eruptions.	  A	  







9.4	  Possible	  source	  of	  geochemical	  variations	  
One	  of	  the	  possible	  agents	  provoking	  all	  of	  these	  geochemical	  anomalies	  can	  be	  found	  in	  the	  fluids	  released	  from	  
the	  altered	  Ionian	  oceanic	  crust	  and	  its	  sedimentary	  covers.	  This	  hypothesis	  was	  firstly	  presented	  by	  Schiano	  et	  al.	  
(2001)	  and	  Tonarini	  et	  al.	  (2001)	  but	  was	  not	  widely	  accepted	  by	  the	  scientific	  community.	  
Altered	  oceanic	  crust	  is	  usually	  enriched	  in	  Fe,	  K,	  H2O,	  Mn,	  Cl,	  B,	  Li,	  Rb,	  Cs,	  (Tl,	  REEs,	  etc.)	  (Pearce	  and	  Cann,	  1973;	  
Thompson,	  1973;	  Hart	  et	  al.,	  1974;	  Humphris	  and	  Thompson,	  1978;	  Staudigel	  and	  Hart,	  1983;	  Jochum	  and	  Verma,	  
1996;	  Kelley	  et	  al.,	  2003;	  John	  et	  al.,	  2004;	  Spandler	  et	  al.,	  2004;	  Kessel	  et	  al.,	  2005;	  Kelley	  and	  Cottrell,	  2009)	  while	  
hydrothermally	  metasomatized	  sediments	  are	  normally	  enriched	   in	  phengitic-­‐mica	  (and	  other	  phases	  as	  allanite,	  
monazite,	  garnet,	  etc.)	  that	  is	  considered	  a	  chief-­‐carrier	  of	  K,	  Li,	  Rb,	  Cs,	  Sr,	  Ba,	  Cr,	  V,	  Tl,	  Be,	  B,	  87Sr,	  etc.	  from	  the	  
sedimentary/metamorphic	  environment	  to	  the	  igneous	  one	  (Hanson,	  1980;	  Hart	  and	  Reid,	  1991;	  Fleet	  et	  al.,	  2003;	  
Schmidt	   and	   Poli,	   2003;	   Hermann	   et	   al.,	   2006;	   Bebout,	   2007;	   Hermann	   and	   Rubatto,	   2009;	   Bebout,	   2011).	   The	  
answer	   about	   the	   timing	   of	   these	   geochemical	   changes	   is	   still	   far	   to	   be	   answered.	   All	   of	   these	   anomalies	   that	  
‘suddenly’	  appear	   in	  Mt	  Etna	  magmatic	  history	  could	  be	  the	  effect	  of	  years	  and	  years	  of	  ongoing	  changes	   in	  the	  
magmatic	  source	  kept	  ‘hidden’	  by	  some	  still	  unknown	  process	  (buffering	  reactions,	  melting	  degree,	  etc.).	  	  
	  
	  
Figures9.5à9.7:	  Clinopyroxene	  VM1,	  
VT	  and	  Vcell	  variations	  within	  the	  






9.5	  Clinopyroxene-­‐inferred	  P	  and	  T	  paths	  of	  investigated	  lavas	  
	  
Combining	   together	   geochemical	   and	   crystallographic	   data,	  we	  draw	  P	   and	   T	   paths	   for	   each	  of	   the	   38	   selected	  
eruptions	   following	   the	   works	   of	   Armienti	   et	   al.	   (2009)	   and	   Putirka	   et	   al.	   (2003).	   The	   artful	   re-­‐equilibration	  
procedures	  do	  not	  work	   for	  all	   studied	  eruptions	  probably	  due	   to	   the	   fact	   that	  one	  or	  more	   internal	   conditions	  
were	  not	  satisfied;	  these	  anomalous	  samples	  were	  not	  further	  considered.	  The	  compositional	  variability	  between	  
clinopyroxene	   cores	   and	   rims	   could	   now	   be	   seen	   as	   different	   P	   and	   T	   conditions	   of	   crystallization.	   Trajectories	  
drawn	  by	  clinopyroxenes	  in	  P	  and	  T	  space	  represent	  magma	  paths	  within	  Mt	  Etna	  feeding	  system;	  moreover	  their	  
slopes	  could	  significant	  changes	  in	  magma	  ascent	  rates	  and	  buoyancy	  (Armienti	  et	  al.,	  2009).	  As	  a	  matter	  of	  fact,	  
magma	  ponding	  at	  some	  depth	  is	  represented,	   in	  P/T	  space,	  by	  portions	  where	  dP/dT=0	  whereas	  steeper	  slopes	  
represent	  a	  continuous	  clinopyroxene	  crystallization	  during	  magma	  ascent.	  	  
Looking	   the	   trajectories	   drawn	   for	   each	   eruption	  we	   can	   identify	   two	  main	   types	   of	   P	   and	   T	   paths	   for	   etnean	  
eruptions:	  
• linear-­‐direct	   trends	   characterized	   by	   constant	   dP/dT.	   These	   trends	   are	   thought	   belonging	   to	   those	  
eruptions	  where	  magma	  rises	  fast	  (figg.	  9.9à9.11);	  
• ‘saw	  tooth’	  trends	  characterized	  by	  portions	  where	  dP/dT=0	  indicating	  ponding-­‐crystallizing	  zones	  during	  
ascent	  (figg.	  9.12à9.17).	  
	  
Armienti	  et	  al.	  (2009)	  In	  the	  following	  diagrams	  we	  also	  reported	  the	  Nimis	  (1999)	  geobarometers	  pressures	  (black	  
spiders)	  obtained	  from	  XRD	  studies.	   It	   is	   interesting	  to	  note	  that	  Nimis	  (1999)	  XRD	  derived	  pressures	  well	   fit	   the	  





Figures	  9.8à9.11:	  Linear-­‐direct	  P	  and	  T	  trends	  characterizing	  Mt	  Forno	  (A.D.	  1200±30),	  A.D.	  1284-­‐85,	  1865	  
and	  1974	  eruptions	  respectively.	  
P	  and	  T	  error	  bars	  
Mt	  Forno	   A.D.	  1285	  –	  1285	  flow



























































































Figures	  9.12à9.17:	  ‘Saw	  tooth’	  P	  and	  T	  trends	  characterizing	  Scorciavacca	  (A.D.	  1020±40)	  Mt	  Nero	  degli	  
Zappini	  (A.D.	  1250±20),	  A.D.	  1669,	  1950-­‐1951,	  1985	  and	  2006	  eruptions	  respectively.	  The	  ‘black	  spiders’	  
represents	  the	  XRD-­‐derived	  values.	  Error	  bars	  are	  also	  reported.	  
P	  and	  T	  error	  bars	  
Mt	  Sona	  flow Mt	  Nero	  degli	  Zappini	  flow	  
A.D.	  1669	  flow	   A.D.	  1950-­‐1951	  flow	  




Our	   data	   markedly	   differs	   from	   those	   published	   by	   Armienti	   et	   al.	   (2007,	   2009,	   2012)	   where	   clinopyroxenes	  
crystallizing	  depths	  are	  usually	  higher,	  commonly	  reaching	  the	  crust-­‐mantle	  boundary	  (figg.	  9.18à9.20).	  	  Armienti	  
et	  al.	   (2009)	  recognized	  two	  major	  stages	  of	  clinopyroxene	  crystallization	  during	  the	  etnean	  magmas	  ascent:	  the	  
first	   one	   is	   located	  near	   the	  MOHO,	  which	   lies	   about	   27	   km	   in	   depth	  beneath	   Etna	   (Hirn	   et	   al.,	   1997),	   and	   the	  
second	  is	  situated	  along	  the	  discontinuity	  between	  lower	  and	  upper	  crust	  (about	  16.1	  km	  in	  depth)	  (Corsaro	  and	  
Pompilio,	  2004).	  These	  zones	  are	  thought	  as	  regions	  where	  magmas	  could	  pond	  and	  fractionate.	  	  
	  
	  	  	   	  
	  
















































Figure	  9.18:	  P	  and	  T	  estimations	  for	  all	  the	  investigated	  eruptions.	  Red:	  i3	  samples,	  orange:	  i4	  samples,	  green:	  i5	  
samples	  and	  light	  blue:	  i5bis	  samples.	  
Figures	  9.19à9.22:	  Comparison	  between	  Armienti	  et	  al.	  (2012)	  and	  this	  work	  P	  and	  T	  estimations	  for	  A.D.	  1669	  and	  






As	   clearly	   visible	   from	   ‘saw	   tooth’	   diagrams	   (figg.	   9.12à9.17),	   our	   P	   and	   T	   estimations	   suggest	   the	   presence	   of	  
shallow	  magma	   ‘ponding	   zones’	   located	   1	   to	   7	   km	   beneath	   the	   volcanic	   edifice	   around	   the	   limit	   between	   the	  
Hyblean	   carbonates	   and	   their	   sedimentary	   covers	   (Corsaro	   and	   Pompilio,	   2004a).	   Only	   few	   clinopyroxenes	  
crystallized	  at	  higher	  depths,	   in	  any	  case	  never	  exceeding	  12-­‐	  14	  km	  (A.D.	  1892	  and	  1923	  eruptions)	  (figure	  9.18	  
and	  table	  13.1	  à	  Appendix).	  	  
All	   the	   collected	  data	  match	  with	  a	   ‘seismically	  anomalous	   zone’	   (hereafter	   SAZ),	   revealed	  by	  3D-­‐tomographies,	  
extending	  beneath	  Mt	  Etna	  downward	  to	  about	  8	  -­‐	  9	  km	  below	  sea	   level.	  Recent	  studies	  suggest	  that	  SAZ,	  or	  at	  
least	  some	  portions,	  could	  represent	  regions	  of	  magma	  storage	  where	  fractionation	  and	  differentiation	  processes	  
occur	   (Villaseñor	   et	   al.,	   1998;	   Chiarabba	   et	   al.,	   2000;	   Nicolich	   et	   al.,	   2000;	   Patanè	   et	   al.,	   2003;	   Schiavone	   and	  
Loddo,	  2007;	  Corsaro	  et	  al.,	  2013).	  
More	   interestingly	   Aloisi	   et	   al.	   (2011)	   depict	   an	   asymmetrical	   elongated	   magma	   reservoir	   extending	   from	   the	  
volcanic	  edifice	  to	  about	  7	  km	  below	  sea	  level	  with	  three	  magma	  storage	  volumes	  located	  at	  about	  6.5,	  2.0	  and	  0.0	  
km	  b.s.l.	  Depths	   indicated	  by	   the	   authors	  match	  with	   the	   ‘ponding	   zones’	  we	   found	   in	   our	   ‘saw	   tooth’	   P	   and	   T	  
paths	  confirming	  the	  quality	  of	  our	  estimations.	  
The	  great	  discrepancies	  between	  our	  P	  and	  T	  estimation	  with	  respect	  to	  those	  proposed	  by	  Armienti	  et	  al.	  (2007;	  
2009;	  2012)	  could	  be	  ascribed	  to	  three	  major	  causes:	  
• poor-­‐quality	  SEM-­‐EDS	  data	  which	  usually	  retrieve	  anomalous	  Na2O	  values	  for	  clinopyroxenes	  (e.g.	   	  0.73	  
wt.%	  	  vs	  	  0.41	  wt.%	  Na2O	  for	  2001	  eruption);	  
• clinopyroxene	   chemical	   analyses	   from	   both	   ‘old’	   (from	  A.D	   1980	   until	   A.D.	   2001)	   and	   inhomogeneous	  
databases;	  




























The	  results	  of	  this	  work	  can	  be	  resumed	  below:	  
• We	  built	  the	  most	  complete	  and	  homogeneous	  database	  of	  historical	  and	  modern	  Mt	  Etna	  lavas,	  covering
about	  2000	  year	  (from	  Monpeloso	  eruption,	  A.D.	  300±100	  to	  2011)	  and	  sampling	  59	  distinct	  flows;
• We	  accurately	  and	  precisely	  analyzed	  the	  sampled	  products	  with	  modern	  techniques	  (XRF,	  ICP-­‐MS,	  EMPA,
XRD,	  Back-­‐titration).	  Furthermore	  we	  improved	  some	  of	  the	  ordinary	  routines	  to	  achieve	  higher	  precision
analyses;
• We	  analyzed	  60	  lavas	  (major,	   iron	  oxidation	  ratio	  and	  trace	  elements),	  over	  900	  clinopyroxene	  and	  over
70	  olivines	  (EMPA),	  creating	  one	  of	  the	  most	  complete	  geodatabase	  of	  Mt	  Etna	  historical	  activity;
• We	   presented	   new	   geochemical	   ‘anomalies’	   never	   described	   before	   like	   the	   anomalously	   high	   iron
oxidation	  ratio,	  and	  the	  Be,	  Tl,	  REEs	  enrichments	  of	  recent	  lavas;
• We	  calculated	  P	  and	  T	  paths	   for	  etnean	  eruption	  showing	   that	   for	   the	   investigated	   lavas	  clinopyroxene
crystallization	  occurs	  at	   shallower	  depth	   (mainly	  under	  10	  km	  b.s.l.)	  with	   respect	   to	   those	  proposed	  by
Armienti	  et	  al.	  (2007,	  2009,	  2012);
• We	  found	  two	  types	  of	  etnean	  magma	  rising	  paths:	  a	  direct-­‐linear	  one	  where	  magma	  continuously	  rises
through	  the	  crust	  and	  a	  saw-­‐tooth	  one	  where	  magma	  rises	  and	  ponds	  within	  the	  crust;
• Clinopyroxene	   compositions	   indicate	   a	   slight	   transition	   from	   a	   non-­‐alkaline	   affinity	   to	   a	   per-­‐alkaline
affinity	  (Le	  Bas,	  1962;	  Nisbet	  and	  Pearce,	  1979),	   in	  contrast	  with	  the	  ‘calc-­‐alkalinization’	  trend	  of	  etnean
magmatism	  proposed	  by	  (Schiano	  et	  al.,	  2001).
All	  of	  the	  experimental	  data	  we	  collected,	  together	  with	  literature	  data,	  clearly	  show	  that	  the	  etnean	  magmas	  are	  
characterized	  by:	  
• High	  H2O	  à	  high	  iron	  redox	  ratio	  and	  high	  H2O	  contents	  in	  melt	  inclusions	  (Del	  Carlo	  and	  Pompilio,	  2004;
Métrich	  et	  al.,	  2004;	  Kamenetsky	  et	  al.,	  2007;	  Collins	  et	  al.,	  2009;	  Viccaro	  et	  al.,	  2010);
• High	   Cl	  à	   finding	   of	   Cl-­‐rich	   phases	  within	   etnean	   products	   and	   high	   Cl	   concentration	   in	   exolved	   gases
(Métrich,	  1990;	  Métrich	  et	  al.,	  2004;	  Spilliaert	  et	  al.,	  2006b;	  Ferlito	  and	  Lanzafame,	  2010;	  Nicotra	  et	  al.,
2010);
• High	  K-­‐Cs-­‐Rb-­‐Tl-­‐Be-­‐REEs,	  11δB	  (Tonarini	  et	  al.,	  2001)à	  geochemical	  anomalies	  in	  the	  recent	  products;
• The	  presence	  of	  a	  mantellic	  source	  for	  etnean	  magmatism	  à	  flattened	  OIB-­‐like	  geochemical	  signature;
• The	  anomalies	  occurred	  in	  depth	  à	  all	  described	  enrichments	  cannot	  occur	  near	  the	  surface	  because	  of
melt	   inclusions	   in	  olivine	  crystallized	  between	  12	  to	  6.5	  km	  b.s.l.	  are	  already	  K-­‐enriched	   (Métrich	  et	  al.,
2004;	  Spilliaert	  et	  al.,	  2006a;	  Spilliaert	  et	  al.,	  2006b);
• Two	  major	  styles	  of	  magma	  ascent	  paths	  through	  the	  volcanoà	  P	  and	  T	  paths	  defined	  by	  clinopyroxene
geothermobarometry.
Data	  collected	  in	  this	  work	  strengthens	  the	  hypothesis	  that	  most	  of	  the	  historical-­‐to-­‐modern	  etnean	  magmatism	  
characteristics	   could	   be	   the	   result	   of	   the	   interaction	   between	   an	   OIB-­‐like	   mantellic	   source	   with	   aqueous	  




Although	  quantitative	   data	   supporting	   this	   hypothesis	   are	   not	   yet	   known	   (e.g.	   the	   volumes	  of	   fluids	   interacting	  
with	   the	  mantle	  wedge,	   the	   volumes	  of	  magma	  produced,	   etc.)	   and	   the	  whole	   geodynamic	   frame	   is	  not	  widely	  
accepted	  (e.g.	  the	  presence	  of	  a	  slab	  window	  in	  the	  Ionian	  slab,	  etc.),	  we	  present	  a	  qualitative	  model	  based	  on	  the	  
Tonarini	  et	  al.	  (2001)	  one,	  trying	  to	  explain	  all	  the	  anomalies	  we	  found	  within	  the	  investigated	  products:	  
1. Subduction-­‐	  related	  fluids,	  rich	  in	  H2O,	  K,	  Rb,	  Cs,	  Tl,	  Cl,	  MREEs,	  HREEs,	  etc.	  were	  released	  from	  the	  Ionian	  
altered	  crust	  and	  its	  sedimentary	  covers;	  
2. Released	   fluids	   rise	   through	   the	   slab	  window	   in	   the	   Ionian	   slab	   and	   interact	  with	   the	   overlying	  mantle	  
wedge	  creating	  a	  veined-­‐mantle;	  
3. Partial	  melting	  of	  the	  veined	  mantle;	  
4. Uprising/	  ponding	  of	  newly	  produced	  magma	  batch	  within	  the	  crust.	  
We	  hope	  that	  this	  work	  could	  be	  a	  new	  starting	  point	  for	  future	  studies	  focused	  to	  the	  geochemistry	  and	  petrology	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13.1	  Notes	  and	  additional	  information	  about	  sampled	  flows	  
Monpeloso	  (A.D.	  300±100)	  flow	  –	  Sample	  300	  
Bollandus	  and	  Henschenius	   (1643)	   in	   their	   “Acta	  Sanctorum”	   reported	   that	  on	  February	  1st	  A.D.	  251,	   just	  a	   year	  after	   the	  martyrdom	  of	   St.	  
Agata,	   a	   vigorous	  eruption	   took	  place	   from	  Monpeloso	   cone	  on	   the	   lower	   southeastern	   flank	  of	  Mt	   Etna	   (850	  m	  a.s.l.).	   The	  eruptive	  event	  
lasted	   nine	   days	   and	   the	   lava	   rapidly	   descended	   to	   the	   south	   towards	   Catania.	   The	   lava	   flow	   currently	   crops	   out	   between	  Monpeloso	   and	  
Massa	  Annunziata	  villages;	  paleo-­‐	  and	  archaeomagnetic	  data	  on	  Monpeloso	  flow	  samples	  set	  the	  age	  at	  A.D.	  90-­‐391	  and	  300±100	  respectively	  
(Speranza	  et	  al.,	  2006;	  Tanguy	  et	  al.,	  2007).	  	  
S.G.	  La	  Punta	  (A.D.	  350±60)	  flow	  –	  Sample	  350	  
No	  historical	   data	  were	   available	   for	   this	   eruption	   that	  produced	  an	  extended	   	   ‘a-­‐a’	   flow	  actually	   cropping	  out	  between	   the	   villages	  of	   San	  
Giovanni	  la	  Punta	  and	  Viagrande.	   
Murazzo	  Rotto	  (A.D.	  	  950±30)	  flow	  –	  Sample	  950	  	  
Foglia	  (1627)	  reported	  that	  a	  catastrophic	  eruption	  occurred	  on	  August	  4th	  A.D.	  950	  when	  lava	  destroyed	  several	  houses	  and	  killed	  hundreds	  
people	  in	  Catania;	  at	  the	  same	  time	  a	  severe	  earthquake	  razed	  to	  the	  ground	  Siracusa.	  	  A.D.	  950	  lava	  crops	  out	  on	  the	  lower	  northwestern	  flank	  
of	  Mt	  Etna	  forming	  a	  wide	  flow	  field	  that	  reaches	  the	  Alcantara	  riverbed.	  The	  eruptive	  fissure	  is	  formed	  by	  two	  small	  spatter	  cone	  and	  rampart	  
located	  south	  of	  Mt	  Spagnolo	  at	  an	  altitude	  of	  ∼1500	  m	  a.s.l.	  	  
Mt	  Sona	  (A.D.	  1000±50)	  flow	  –	  Sample	  1020	  	  
A.D.	  1000	  eruption	  (1020	  sample)	  belongs	  to	  a	  lava	  outpoured	  from	  an	  eruptive	  fissure	  opened	  the	  southwestern	  flank	  of	  Mt	  Etna	  at	  an	  altitude	  
between	  1250	  and	  1170	  m	  a.s.l.	  The	  main	  vents	  formed	  the	  spatter	  cone	  of	  Mt	  Sona.	  The	  ‘a-­‐a’	  flow	  extends	  for	  over	  11	  km	  reaching	  the	  villages	  
of	  Randazzo,	  Vitelleria	  and	  Porrazzo.	  A.D.	  936-­‐1056	  and	  A.D.	  1000±50	  respectively	  (Speranza	  et	  al.,	  2006;	  Tanguy	  et	  al.,	  2012).	  
Scorciavacca	  (A.D.	  1020±40)	  flow	  -­‐	  Sample	  1651	  RM	  
A.D.	   1020	   eruption	   (1651	   RM)	   sample	   was	   collected	   from	   the	   Scorciavacca	   flow	   outcropping	   in	   the	   lower	   northeastern	   flank	   along	   the	  
Andronico	  Montargano	  road	  between	  the	  villages	  of	  Montargano	  and	  Presa.	  After	  Speranza	  et	  al.	   (2006)	  and	  Tanguy	  et	  al.	   (2012)	  the	  ‘1651’	  
flow	  was	  aged	  between	  A.D.	  947-­‐1106	  and	  1020±40	  respectively.	  	  
Mt	  Ilice	  (A.D.	  1030	  ±40)	  flow	  –	  Sample	  1030	  
1030	  sample	  belongs	  to	  the	  Mt	  Ilice	  flow	  in	  the	  lower	  eastern	  flank	  of	  Mt	  Etna.	  This	  ‘a-­‐a’	  flow	  extends	  for	  over	  10	  km	  to	  the	  east	  reaching	  the	  
Ionian	  Sea	  north	  to	  Santa	  Tecla.	  Magnetic	  ages	  of	  this	  flow	  are	  A.D.	  898-­‐1106	  and	  1030±40	  (Speranza	  et	  al.,	  2006;	  Tanguy	  et	  al.,	  2012).	  
Mt	  Gallo	  (A.D.	  1060±50)	  flow	  –	  Sample	  1062	  
During	  A.D.	  1062-­‐1064	  a	   large	  eruption	  occurred	  on	   the	  western	  sector	  of	  Mt	  Etna	   that	  was	  clearly	   seen	   from	  Troina	   (∼40	  km	  to	   the	  west)	  
(Alessi,	  1832	  -­‐	  1835;	  Capozzo,	  1840;	  Pontieri,	  1928).	  The	  eruptive	  fissure	  was	  located	  between	  1500	  and	  1660	  m	  a.s.l.	  on	  the	  western	  flank	  of	  
Mt	  Etna	  (Mt	  Gallo).	  The	  ∼10	  km	  long	  lava	  flow	  actually	  crops	  out	  from	  Mt	  Gallo	  up	  to	  the	  suburbs	  of	  Adrano	  town.	  	  
Mt	  Arsi	  di	  S.	  Maria	  (A.D.	  1160±20)	  flow	  	  –	  Sample	  1160	  
In	   the	  morning	   of	   February	   4th	   1169	  A.D.	   an	   appalling	   earthquake	   (XI°	   of	  MSK	   scale)	   and	   subsequent	   tsunamis	   hit	   eastern	   Sicily	   destroying	  
several	  cities	   (Catania,	  Aci	  Castello,	  Modica,	  Lentini,	  Piazza	  Armerina,	  Messina,	  etc.)	  and	  killing	  more	  than	  20000	  people	  (CNR,	  1985).	   	   In	  the	  
meantime,	  two	  distinct	  NNW-­‐SSE	  oriented	  eruptive	  fissures	  opened	  at	  a	  very	  low	  altitude	  between	  460	  and	  360	  m	  a.s.l.	  feeding	  an	  ∼8km	  long	  
lava	  flow	  that	  extends	  from	  Mt	  Cicirello	  and	  Mt	  Arsi	  di	  S.	  Maria	  to	  the	  Ionian	  coast.	  	  Paleo-­‐	  and	  archaeomagnetic	  age	  of	  this	  lava	  are	  A.D.	  953-­‐





Linguaglossa	  (A.D.	  1180±20)	  flow	  –	  Sample	  1566	  RM12	  
Paleo-­‐	  and	  archaeomagnetic	  ages	  of	  a	  8	  km	  long	  lava	  flow	  outcropping	  near	  the	  village	  of	  Linguaglossa	  (NE	  flank)	  are	  A.D.	  1096-­‐1266	  and	  ad	  
1180±30	   respectively,	  matching	  with	   one	   of	   the	   eruptions	   listed	   above	   (Speranza	   et	   al.,	   2006;	   Tanguy	   et	   al.,	   2012).	   The	   Linguaglossa	   flow	  
eruptive	  fissure	  was	  located	  south	  of	  Mt	  Corruccio	  at	  1160-­‐1380	  m	  a.s.l.	  	  
Mt	  Forno	  (A.D.	  1200±30)	  flow	  –	  Sample	  1595	  RM13	  
Just	   few	  hundred	  meters	   south	   of	   A.D.	   1062	   flow	   a	   narrower	   and	   younger	   ‘a-­‐a’	   lava	   field	   crops	   out.	   This	   flow	   is	   aged	  A.D.	   1148-­‐1259	   and	  
1200±30	  (Speranza	  et	  al.,	  2006;	  Tanguy	  et	  al.,	  2012).	  The	  lava	  field	  extends	  to	  the	  southwest	  reaching	  the	  town	  of	  Adrano	  covering	  about	  9km	  
in	  length.	  The	  eruptive	  center	  is	  located	  at	  Mt	  Forno	  scoria	  cone	  on	  the	  southwestern	  flank	  of	  Mt	  Etna	  at	  1550	  m	  a.s.l.	  	  
Mt	  Nero	  degli	  Zappini	  (A.D.	  1250±20)	  flow	  –	  Sample	  1250	  SLN	  
Sample	  1250	  SLN	  belongs	  to	  an	  ‘a-­‐a’	  lava	  flow	  located	  at	  piano	  Vetore	  on	  the	  southern	  flank	  of	  Mt	  Etna.	  The	  eruptive	  fissure	  was	  oriented	  NNE-­‐
SSW	  and	  it	  is	  formed	  by	  spatter	  ramparts	  located	  between	  1800	  and	  2000	  m	  a.s.l.	  (Branca	  et	  al.,	  2011c)	  	  
Montarello	  (A.D.	  1270±20)	  flow	  –	  Sample	  1250	  Mt	  Gorna	  
1250	  Mt	  Gorna	  sample	  belongs	  to	  a	  ∼	  3km	  long	  ‘a-­‐a’	  flow	  located	  on	  the	  lower	  southeastern	  flank	  of	  Mt	  Etna	  north	  to	  the	  village	  of	  Pedara.	  The	  
eruptive	  center	  is	  Mt	  Montarello,	  a	  small	  scoria	  cone	  located	  at	  900	  m	  a.s.l.	  	  
A.D.	  1284-­‐1285	  flow	  –	  Sample	  1285-­‐85	  RM13	  
When	  Charles	  d’Anjou	  was	  on	  his	  death-­‐bed	  (December	  1284	  –	  January	  1285)	  a	  new	  eruption	  occurred	  at	  Mt	  Etna.	  A	  8	  km	  long	  lava	  flowed	  
down	  on	  Mt	  Etna	  eastern	  flank	  halting	  near	  S.	  Stefano	  church	  north	  to	  the	  village	  of	  S.	  Venerina	  (∼300	  m	  a.s.l.)	  (Recupero	  and	  Recupero,	  1815;	  
Rodwell,	  1878).	  A	  tongue	  of	  the	  flow	  reaches	  the	  neighborhood	  of	  Giarre	  town	  halting	  at	  ∼	  150	  m	  a.s.l.	   	  Nowadays	  the	  1284-­‐1285	  lava	  field	  
crops	  out	  on	  the	  lower	  eastern	  flank	  of	  Mt	  Etna	  near	  the	  village	  of	  Milo	  and	  Caselle.	  The	  flow	  shows	  a	  complex	  ‘a-­‐a’	  -­‐	  ropy	  morphology	  with	  
well-­‐developed	   lava	   tubes	   but	   unfortunately	   it	   is	   almost	   totally	   covered	   by	   soil.	   1284-­‐85	   RM13	   sample	   was	   collected	   along	   the	   Strada	  
Provinciale	  59i	  road	  between	  the	  villages	  of	  Milo	  and	  Ballo.	  	  
1329	  A.D.	  flow	  –	  Sample	  C1329	  RM12	  
After	  many	  years	  without	  significant	  events,	  in	  the	  evening	  of	  June	  28th	  1329,	  a	  strong	  eruption	  occurred:	  Nicolo	  Speciale	  wrote	  that	  a	  violent	  
earthquake	  hit	   the	  southeastern	  flank	  of	  Mt	  Etna	  and	  a	  deep	  fissure	  opened	  above	  Rocca	  Musarra	   (Fazzello,	  1558;	  Recupero	  and	  Recupero,	  
1815).	  A	  new	  pyroclastic	  cone	  rapidly	  built	  up	  (Monte	  Lepre)	  and	  lava	  began	  to	  flow	  towards	  the	  east.	  On	  July	  15th	  a	  second	  crater	  opened	  ∼	  
15km	   SE	   of	  Monte	   Lepre	   (Monte	   Rosso)	   near	   the	   church	   of	   San	  Giovannello	   in	   Fleri	   village.	   Lava	   emitted	   from	  Monte	   Rosso	   split	   in	   three	  
tongues:	   two	   flowed	   eastward	   towards	   Acireale	   while	   the	   third	   flowed	   southward	   towards	   Catania	   (Alessi,	   1832	   -­‐	   1835;	   Rodwell,	   1878).	  
Eruption	  ended	  with	  strong	  explosions	  at	   the	  summit	  craters	   that	  dispersed	   lots	  of	  pyroclasts	   in	   the	  atmosphere	  causing	  darkness	  and	  crop	  
failures	  in	  the	  territories	  around	  Etna	  (a	  copious	  ashfall	  was	  reported	  in	  Malta,	  ∼	  220	  km	  to	  the	  south).	  	  
A.D.	  1408	  flow	  –	  Sample	  1408	  RM13	  
In	  the	  evening	  of	  November	  9th	  1408,	  after	  a	  strong	  seismic	  swarm	  occurred	  in	  the	  preceding	  days	  (Silvaggio,	  1542),	  a	  new	  eruption	  took	  place	  
both	   from	  central	  craters	  and	   from	  several	  mouths	  opened	  on	  the	  southern	   flank	  close	   to	  Mt	  Albero.	  Lava	   flowed	  eastward	  and	  southward	  
destroying	  the	  church	  of	  Santa	  Maria	  del	  Bosco	   Inchiuso	  near	  Bronte	  and	  the	  villages	  of	  Pedara	  and	  Trecastagni	  covering	  over	  12	  km	  in	  few	  
days.	  The	  eruption	  ended	  on	  November	  21st	  (Recupero	  and	  Recupero,	  1815;	  Patanè	  et	  al.,	  2004).	  	  
A.D.	  1603	  -­‐	  1610	  flows	  –	  Samples	  1607bis	  RM13	  and	  1610	  RM	  
Between	  A.D.	  1603	  to	  1610	  Mt	  Etna	  activity	  was	  characterized	  by	  an	  almost	  continuous	  central	  craters	  activity	  with	  frequent	  overflows	  that	  
rapidly	  filled	  up	  Piano	  del	  Lago	  depression	  (Rodwell,	  1878;	  Tanguy	  et	  al.,	  2007):	  
• On	   June	   28th	   1607	   a	   new	   fissure	   opened	   above	  Mt	   Spagnolo	   on	   the	   northwestern	   flank	   and	   a	   5	   km	   long	   lava	   flow	  was	   emitted	  
(Rodwell,	  1878);	  
• On	  February	  6th	  1610	  a	  ENE-­‐WSW	  trending	  fissure	  opened	  on	  the	  southwestern	  flank	  beneath	  Mt	  Frumento	  Supino	  creating	  a	  wide	  




• Again	  on	  May	  3rd	  1610	  a	  new	  fissure	  opened	  just	  1km	  to	  the	  west	  of	  February	  6th	  one	  and	  lava	  started	  to	  flow	  towards	  the	  village	  of	  
Adrano	  reaching	  the	  Simeto	  river	  above	  Ponte	  di	  Carcaci	  (Carrera,	  1636;	  Recupero	  and	  Recupero,	  1815;	  Rodwell,	  1878).	  	  
A.D.	  1614	  –	  1624	  flows	  –	  Sample	  1614-­‐24	  RM	  
During	  this	  decade	  Mt	  Etna	  activity	  was	  extremely	  vigorous:	  several	  new	  mouths	  opened	  on	  the	  upper	  northern	  flank	  of	  Mt	  Etna	  (Pizzi	  Deneri,	  
∼2500	  m	  a.s.l.)	  along	  an	  eruptive	  fissure	  now	  partially	  buried	  under	  more	  recent	  lavas	  (Recupero	  and	  Recupero,	  1815).	  A.D.	  1614	  –	  1624	  lava	  
field	  is	  characterized	  by	  a	  complex	  pahoehoe	  morphology	  with	  magnificent	  ropes,	  mega-­‐tumuli	  and	  lava	  tubes	  extending	  for	  over	  than	  100	  km2.	  
The	  distal	  portion	  of	  the	  flow	  reached	  ∼1000	  m	  a.s.l.	  halting	  close	  to	  Passopisciaro	  village	  (Greeley	  et	  al.,	  1983;	  Guest	  et	  al.,	  1984).	  	  
A.D.	  1634	  –	  1636	  flow	  –	  Sample	  1634	  
On	  December	  19th	  1634,	  about	  two	  years	  after	  the	  devastating	  earthquake	  that	  hit	  Nicolosi	  on	  February	  21st	  1633	  (Mw	  4.83)(Boschi	  et	  al.,	  1997;	  
Gruppo	  di	  Lavoro	  CPTI,	  2004),	  a	  new	  vent	  opened	  on	  the	  southern	  flank	  ok	  Mt	  Etna	  above	  Serra	  Pizzuta	  Calvarina	  at	  ∼2000	  m	  a.s.l.	  (Carrera,	  
1636;	  Recupero	  and	  Recupero,	  1815).	  The	  eruption	  ended	  in	  June	  1636	  lasting	  for	  about	  18	  months.	  Emitted	  lava	  split	  in	  two	  distinct	  flows,	  one	  
of	  which	  reached	  the	  surrounding	  of	  the	  Fleri	  village	  (Carrera,	  1636;	  Capozzo,	  1840).	  	  The	  lava	  field	  shows	  a	  complex	  ‘a-­‐a’	  and	  ropy	  morphology	  
characterized	  by	  tumuli	  and	  mega-­‐tumuli	  in	  the	  more	  flat-­‐slope	  portions.	  
A.D.	  1646	  –	  1647	  flow	  	  -­‐	  Sample	  1646	  RM12	  
In	   the	  evening	  of	  November	  20th	  1646	  a	  new	  eruptive	   fissure	  opened	  on	  the	  higher	  northeastern	   flank	  of	  Mount	  Etna	  at	  ∼	  200	  m	  a.s.l.	  The	  
subsequent	  explosive	  activity	  rapidly	  formed	  Mt	  Nero	  scoria	  cone.	  Lava	  overran	  the	  cone	  rims	  and	  flowed	  downslope	  threatening	  the	  village	  of	  
Passopisciaro	  and	  dealing	  several	  damages	  to	  crops	  and	  fields.	  The	  eruption	  ended	  on	  January	  17th	  1647	  having	  produced	  a	  7km	  long	  lava	  flow	  
(Recupero	  and	  Recupero,	  1815).	  
A.D.	  1669	  Monti	  Rossi	  eruption	  –	  Sample	  1669	  RM	  	  
In	  the	  early	  morning	  of	  March	  11th	  1669	  a	  few	  meters	  wide	  and	  10	  km	  long	  NNW-­‐SSE	  fracture	  system	  opened	  on	  the	  southern	  flank	  of	  Mt	  Etna	  
extending	   from	  Mt	   Frumento	   Supino	   (2800	  m	  a.s.l.)	   to	  Piano	   San	   Leo	   (1200	  m	  a.s.l.).	   The	   same	  day	  a	   second	   fissure	   system	  opened	   in	   the	  
surroundings	   of	   Nicolosi	   between	  Mt	   Nocilla	   and	  Mt	   Fusara:	   vigorous	   Strombolian	   activity	   and	   lava	   fountaining	   suddenly	   started	   from	   the	  
lowest	  sector	  of	  the	  fracture	  system	  outpouring	  a	  huge	  quantity	  of	  lava	  (Tanguy,	  1980;	  Guest	  and	  Duncan,	  1981;	  Romano	  and	  Sturiale,	  1982;	  
Clocchiatti	  et	  al.,	  1988;	  Condomines	  et	  al.,	  1995).	  The	  eruptive	  activity	  concentrated	  in	  the	  lowermost	  portion	  of	  the	  fracture	  system	  at	  ∼	  580-­‐
800	  m	   a.s.l.	   that	   quickly	   built	   up	  Monti	   Rossi	   scoria	   cone	   and	   the	   spatter	   rampart	   of	   Grotta	   delle	   Palombe.	   Lava	   began	   to	   run	   downslope	  
splitting	   in	   three	   distinct	   branches;	   the	   flows	   destroyed	   several	   villages	   like	   San	   Giovanni	   Galermo,	  Misterbianco,	  Monpilieri,	   L’Annunziata,	  
Malpasso,	  Camporotondo,	  La	  Guardia	  and	  the	  western	  districts	  of	  Catania	  (on	  April1st)	  before	  reaching	  the	  sea	  on	  April	  23rd.	  	  The	  eruptive	  event	  
ended	  on	  July	  11th	  1669	  after	  122	  days	  of	  activity	  and	  having	  formed	  a	  17	  km	  long	  lava	  field	  (Mancino,	  1669;	  Borelli,	  1670;	  Amico,	  1733).	  	  Total	  
volume	  of	  products	  emitted	  reached	  0.5-­‐1	  ·∙	  109	  m3	  covering	  an	  area	  of	  ∼	  37	  km2	  (Corsaro	  et	  al.,	  1996)	  with	  a	  mean	  effusive	  rate	  of	  50	  –	  100	  
m3/s	  (Wadge,	  1977).	  
A.D.	  1682,	  1688	  and	  1689	  flows	  –	  Sample	  1689	  
At	   least	   three	  minor	  eruptions	  occurred	  before	   the	  disastrous	   January	  11th	  1693	  earthquake.	  Massa	   (1709);	  Recupero	  and	  Recupero	   (1815);	  
Capozzo	  (1840)	  reported	  that	  on	  September	  1682	  a	  new	  vent	  opened	  on	  the	  eastern	  base	  of	  the	  summit	  cone	  and	  a	  lava	  flowed	  eastward	  into	  
Valle	  del	  Bove	  reaching	  the	  roots	  of	  Rocca	  Musarra.	  Massa	  reported	  again	  that	  during	  the	  spring	  of	  1688	  a	  central	  craters	  eruption	  occurred	  
and	  lava	  emitted	  was	  drained	  again	  into	  Valle	  del	  Bove	  (Massa,	  1709).	  In	  the	  evening	  of	  March	  14th	  1689	  a	  new	  eruption	  started	  from	  a	  vent	  
located	  west	  of	  Rocca	  Musarra	  in	  Valle	  del	  Bove:	  lava	  flowed	  eastward	  towards	  Giarre,	  destroying	  crops,	  forests	  and	  killing	  two	  people	  close	  to	  
Mt	  Cagliato	  (Massa,	  1709).	  	  	  
A.D.	  1763	  flows	  –	  Samples	  1763	  I	  RM12	  and	  1763	  II	  RM12	  
During	  A.D.	  1763	  two	  distinct	  flank	  eruptions	  occurred	  along	  both	  S-­‐Rift	  and	  W-­‐Rift.	  On	  February	  6th	  vigorous	  Strombolian	  activity	  built	  up	  Mt	  
Nuovo	  e	  Mt	  Mezza	  Luna	  scoria	  cones	  on	  the	  lower	  western	  flank	  of	  Mt	  Etna.	  In	  the	  following	  days	  and	  until	  the	  end	  of	  the	  eruption	  (occurred	  
on	  March	  10th)	  lava	  flowed	  westward	  reaching	  an	  elevation	  of	  1180	  m	  a.s.l.	  	  
On	   June	  18th	   a	   600	  m	  wide	  NNE-­‐SSW	   trending	  eruptive	   fissure	  opened	  on	   the	   southern	   flank:	   vigorous	   lava	   fountaining	   rapidly	   formed	   the	  
cinder	   cone	  of	   La	  Montagnola	   feeding	  a	  3.5	   km	   long	   lava	   flow	   that	   run	  downhill	   towards	   the	   south	  and	   the	   southwest.	   The	   southern	   flank	  





A.D.	  1780	  southern	  flank	  eruption	  –	  Sample	  1780	  RM	  
On	  May	  18th	  1780	  a	  severe	  seismic	  sequence	  occurred	  on	  the	  southern	  flank	  of	  Mt	  Etna	  forecasting	  the	  opening	  of	  a	  new	  eruptive	  fissure	  in	  the	  
upper	   portion	   of	   the	   summit	   cone	   at	   ∼	   2000	   m	   a.s.l.	   The	   fissure	   extended	   for	   more	   than	   10	   km	   to	   the	   southwest	   (Azzaro	   et	   al.,	   2007)	  	  
terminating	  in	  a	  new	  eruptive	  mouth,	  named	  Mt	  Nero	  degli	  Zappini	  from	  which	  a	  stream	  of	  lava	  outpoured.	  The	  flow	  split	  into	  two	  4-­‐5km	  long	  
branches	  one	  of	  them	  reached	  the	  neighborhoods	  of	  Ragalna.	  The	  eruptive	  activity	  ended	  on	  May	  31st	  1780	  (Recupero	  and	  Recupero,	  1815;	  
Ferrara,	  1818).	  
A.D.	  1781	  –	  1809	  central	  craters	  eruptive	  phase	  –	  Samples	  A.D.	  1787	  RM	  and	  1723	  RM	  
As	   for	   the	  period	  A.D.	  1727	  –	  1765,	  between	  A.D.	  1781	  and	  A.D.	  1809	  several	  strong	  eruptive	  events	   (Sub-­‐Plinian?)	  with	  minor	  Strombolian	  
explosions	  occurred	  at	  central	  craters	  (Gioeni,	  1782,	  1787;	  Mirone	  Pasquali,	  1787;	  Dolomieu,	  1792;	  Branca	  and	  Del	  Carlo,	  2004;	  Tanguy	  et	  al.,	  
2007).	  	  
The	   sampled	  eruption	   started	   in	   the	  middle	  of	  A.D.	   1787,	  but	  unfortunately	  no	   further	   information	   is	   available.	   Emitted	   lava	   flowed	   to	   the	  
southwest	  for	  ∼	  5km	  halting	  at	  ∼1800	  m	  a.s.l.	  at	  the	  roots	  of	  Mt	  Capre,	  Mt	  Nespole	  and	  Mt	  Leporello.	  
A.D.	  1792	  -­‐	  1793	  A.D.	  southeastern	  flank	  eruption	  –	  Sample	  1792	  RM12	  
After	  a	  severe	  seismic	  crisis	  and	  moderate	  central	  craters	  activity,	  on	  May	  23th	  1792	  a	  NW-­‐SE	  oriented	  fracture	  opened	  on	  the	  western	  flank	  of	  
Mt	  Etna.	  Several	  eruptive	  mouths	  opened	  between	  2000	  and	  1000	  m	  a.s.l.	  on	  the	  western	  and	  southern	  walls	  of	  Valle	  del	  Bove.	  An	   intense	  
eruptive	  activity	  generated	  a	  lava	  flow	  that	  quickly	  descent	  towards	  Zafferana	  causing	  damages	  to	  crops	  and	  forests	  (Dolomieu,	  1792;	  Recupero	  
and	   Recupero,	   1815;	   Romano	   and	   Sturiale,	   1975).	   The	   6.5	   km	   complex	   flow	   field	   reached	   an	   altitude	   of	  ∼	   600	  m	   a.s.l.	   halting	  ∼	   1	   km	   to	  
Zafferana	  (Corsaro	  et	  al.,	  2005;	  Chester	  et	  al.,	  2012;	  Guest	  et	  al.,	  2012).	  The	  eruption	  ended	  about	  a	  year	  later,	  in	  June	  1793.	  Estimated	  volume	  
of	  lava	  emitted	  was	  ∼	  90·∙106	  m3	  with	  an	  average	  effusion	  rate	  of	  ∼	  2.5m3/s	  (Romano	  and	  Sturiale,	  1982;	  Tanguy	  et	  al.,	  2007).	  
A.D.	  1809	  northeast	  flank	  eruption	  –	  Sample	  1809	  RM12	  
After	  several	  powerful	  earthquakes	  felt	  in	  northeastern	  flank	  of	  Mt	  Etna,	  on	  March	  27th	  1809	  a	  huge	  NE-­‐SW	  trending	  eruptive	  fissure	  opened	  
along	   NE-­‐Rift	   zone.	   More	   than	   20	   eruptive	   mouths	   opened	   between	   2500	   and	   1400	   m	   a.s.l.	   leading	   to	   strong	   Strombolian	   explosions	  
(Anonymous,	  1809;	  Gemmellaro,	  1809).	  Lava	  flowed	  towards	  Castiglione	  di	  Sicilia	  causing	  damage	  to	  cultivated	  areas	  covering	  more	  than	  9	  km	  
until	  April	  9th	  when	  the	  eruption	  halted.	  ∼	  35	  ·∙	  106	  m3	  of	  lava	  were	  erupted	  with	  an	  estimated	  average	  effusion	  rate	  of	  31.5	  m3/s	  (Romano	  and	  
Sturiale,	  1982).	  During	  the	  A.D.	  1809	  flank	  eruption	  several	  powerful	  explosions	  occurred	  at	  central	  craters	  provoking	  moderate	  ash	  fallouts	  in	  
the	  villages	  located	  on	  the	  northeastern	  roots	  of	  Mt	  Etna	  (Anonymous,	  1809;	  Cavallaro,	  1987).	  	  
A.D.	  1832	  western	  flank	  eruption	  –	  Sample	  1832	  RM12	  
On	  October	  31st	  1832	  a	  strong	  Strombolian	  activity	  took	  place	  from	  an	  eruptive	  fissure	  opened	  on	  the	  western	  flank	  of	  Mt	  Etna	  between	  2650	  
and	  1700	  m	  a.s.l.	  The	  eruptive	  activity	  formed	  Mt	  Nunziata	  scoria	  cone.	  Erupted	  lava	  descended	  towards	  the	  west	  halting	  on	  November	  22nd	  
just	  2km	  from	  Bronte	  (maximum	  length	  of	  the	  flow	  ∼	  10.5	  km)	  (Alessi,	  1832	  -­‐	  1835;	  Sartorius	  von	  Waltershausen,	  1880;	  Radice,	  1928	  -­‐	  1936;	  
Chester	   et	  al.,	   2012).	  During	  A.D.	  1832	  eruption	  more	   than	  50	   ·∙	  106	  m3	  of	  magma	  were	  emitted	  with	  an	  average	  effusion	   rate	  of	  22.4	  m3/s	  
(Tanguy	  et	  al.,	  2007).	  
A.D.	  1843	  western	  flank	  eruption	  -­‐	  Samples	  C1848	  RM	  and	  1843	  
Between	  November	  17th	  and	  28th	  1843	  more	  than	  fifteen	  vents	  opened	  along	  a	  NW-­‐SE	  trending	  fissure	  on	  the	  upper	  western	  flank	  (∼2375	  –	  
1830	  m	   a.s.l.)	   near	   the	   craters	   of	   A.D.	   1832	   eruption.	   Strombolian	   activity	   built	   up	   several	   coalescent	   scoria	   cones	   that	   suddenly	   began	   to	  
discharge	   a	   copious	   lava	   flows	   towards	   Bronte.	   The	   flow	   cut	   the	   Consolare	   Palermo-­‐Messina	   road	   covering	  more	   than	   13	   km	   in	   few	   days	  
(Gemmellaro,	   1843;	   Chester	   et	   al.,	   2012).	  On	  November	  25th	   an	  unexpected	  phreatic	   explosion	  occurred	  on	   the	   front	  of	   the	   flow	  killing	   59	  
people	  rushed	  to	  see	  the	  lava	  threatening	  their	  cultivated	  fields	  and	  lands	  (Rodwell,	  1878).	  More	  than	  55	  ·∙	  106	  m3	  of	  lava	  was	  erupted	  in	  only	  12	  
days	  with	  an	  average	  effusion	  rate	  of	  more	  than	  55	  m3/s	  (Tanguy	  et	  al.,	  2007).	  
A.D.	  1852	  –	  1853	  Monti	  Centenari	  eruption	  –	  Samples	  750	  and	  1852	  
A	  violent	  eruption	  started	  on	  the	  August	  20th	  1852	  along	  an	  E-­‐W	  trending	  fissure	  cutting	  the	  southern	  portion	  of	  Valle	  del	  Bove	  between	  1950	  
and	  1700	  m	  a.s.l.	  A	  very	  strong	  Strombolian	  activity	  quickly	  formed	  the	  Monti	  Centenari	  scoria	  cone.	  During	  the	  following	  months	  several	  other	  
eruptive	  mouths	  opened	  and	  a	  relevant	  volume	  of	  lava	  flowed	  down	  the	  Valle	  del	  Bove	  threatening	  the	  villages	  of	  Zafferana,	  Milo	  and	  Ballo.	  
Severe	  ashfalls	  hit	  Catania,	  Siracusa,	  Taormina	  and	  Messina	  (Anonymous,	  1852a,	  c,	  b;	  Tornabene,	  1852;	  Vigo,	  1853;	  Gemmellaro,	  1854b,	  a).	  The	  
eruption	  ceased	  on	  May	  27th	  1853;	  estimated	   lava	  flows	  volume	  was	  ∼	  125·∙106	  m3	  with	  an	  estimate	  effusive	  rate	  of	  5.3	  m3/s	  (Hughes	  et	  al.,	  






A.D.	  1865	  Mt	  Sartorius	  eruption	  –	  Sample	  1865	  RM12	  
On	   January	   30th	   1865	   numerous	   vents	   opened	   on	   northeast	   flank	   along	   a	  WSW	   –	   ENE	   trending	   eruptive	   fissure	   above	  Mt	   Frumento	   delle	  
Concazze	  (from	  1825	  to	  1625	  m	  a.s.l.).	  An	  intense	  Strombolian	  activity	  formed	  several	  coalescent	  scoria	  cones	  named	  Mts.	  Sartorius	  and	  fed	  a	  
7.4	  km	  long	  lava	  that	  quickly	  flowed	  to	  the	  northeast	  towards	  the	  villages	  of	  Piedimonte	  Etneo,	  Mascali	  and	  Linguaglossa	  (Hughes	  et	  al.,	  1990;	  
Carveni	  et	  al.,	  2000;	  Carveni	  et	  al.,	  2011b).	  Eruption	  ceased	  on	  June	  28th,	  just	  few	  days	  after	  the	  devastating	  earthquake	  of	  June	  19th	  that	  hit	  the	  
lower	   eastern	   flank	   of	   the	   volcano.	   Total	   erupted	  magma	  was	  more	   than	   90	   ·∙	   106	  m3	  with	   an	   estimate	   effusion	   rate	   of	  more	   than	   7	  m3/s	  
(Carveni	  et	  al.,	  2000;	  Tanguy	  et	  al.,	  2007).	  	  
A.D.	  1879	  northern	  and	  southwestern	  flank	  eruptions	  –	  Sample	  1879	  	  
On	  May	  26th	  a	  10	  km	  long	  N-­‐S	  trending	  fissure	  cut	  central	  craters	  area	  between	  an	  altitude	  of	  2250	  and	  1900	  m	  a.s.l.	  The	  subsequent	  strong	  
explosive	   activity	   clustered	   to	   the	   eastern	   portion	   of	   the	   eruptive	   fracture	   near	   to	  Mt	   Frumento.	   Strombolian	   activity	   quickly	   built	   up	  Mts	  
Umberto	  e	  Margherita	  scoria	  cones;	  the	  outpoured	  lava	  descended	  to	  the	  northwest	  towards	  the	  villages	  of	  Passopisciaro	  and	  Moio	  Alcantara	  
halting	  few	  hundred	  meters	  before	  Alcantara	  riverbed	  (Blaserna	  et	  al.,	  1879;	  Silvestri,	  1879).	  A	  secondary	  2km	  long	  lava	  was	  emitted	  from	  a	  
vent	  opened	  on	  the	  upper	  southwestern	  flank	  at	  an	  altitude	  of	  2680	  m	  a.s.l.	  The	  intense	  explosive	  activity	  provoked	  severe	  ashfalls	  in	  the	  whole	  
northwestern	  sector	  of	  the	  volcano	  (Chester	  et	  al.,	  2012).	  
A.D.	  1886	  southern	  flank	  eruption	  –	  Sample	  1537	  RM13	  
On	  May	  18th	  1886	  a	  new	  eruptive	  fissure	  cut	  the	  lower	  southern	  flank	  of	  the	  volcano	  at	  ∼	  1500	  m	  a.s.l.	  (Romano	  and	  Sturiale,	  1982;	  Azzaro	  and	  
Barbano,	  1996).	  The	  subsequent	  Strombolian	  activity	  formed	  Mt	  Gemmellaro	  scoria	  cone	  and	  produced	  a	  6.5	  km	  long	  lava	  flow	  that	  descended	  
southward	  reaching	  the	  village	  of	  Nicolosi.	  	  It	  is	  interesting	  to	  note	  that	  in	  A.D.	  1886	  products	  were	  found	  (Gentile	  Cusà,	  1886;	  Silvestri,	  1886a,	  
b;	  Ferla	  et	  al.,	  1978).	  The	  eruption	  ended	  on	  June	  7th	  having	  emitted	  more	  than	  50·∙	  106	  m3	  of	  lava	  and	  ∼10·∙	  106	  m3	  of	  pyroclasts	  (Tanguy	  et	  al.,	  
2007)	  with	  an	  average	  effusion	  rate	  was	  ∼	  30	  m3/s.	  	  
A.D.	  1892	  southern	  flank	  eruption	  –	  Samples	  1766	  RM	  and	  1892	  RM	  
Between	  July	  9th	  and	  December	  29th	  1892	  several	  intense	  Strombolian	  explosions	  occurred	  along	  an	  eruptive	  fissure	  opened	  on	  the	  southern	  
flank	  of	  Mt	  Etna	  at	  an	  altitude	  between	  2000	  and	  1800	  m	  a.s.l.	   (Tanguy	  et	  al.,	  2007).	  Eruptive	  activity	  formed	  Mts	  Silvestri	  scoria	  cones	  and	  
produced	  a	  7km	  long	  lava	  that	  flowed	  towards	  the	  south	  reaching	  a	  minimum	  elevation	  of	  ∼	  920	  m	  a.s.l.	  (Anonymous,	  1892b,	  a;	  Bartoli,	  1892;	  
Arcidiacono,	   1902;	   Riccò	   and	   Arcidiacono,	   1904;	   Chester	   et	   al.,	   2012).	   As	   for	   the	   A.D.	   1886	   eruption	   copious	   xenoliths	   were	   found	  within	  
pyroclastic	  products	  (Clocchiatti	  and	  Métrich,	  1984;	  Villemant	  et	  al.,	  1993;	  Michaud,	  1995).	  The	  eruption	  lasted	  for	  193	  days	  producing	  more	  
than	  130·∙	  10m3	  of	  lava	  and	  less	  than	  10·∙	  106	  m3	  of	  pyroclasts	  (Tanguy	  et	  al.,	  2007);	  average	  effusion	  rate	  was	  estimated	  at	  ∼	  8	  m3/s.	  
	  
A.D.	  1910	  southern	  flank	  eruption	  –	  Sample	  1910	  RM	  
On	  March	   23rd	   a	   strong	   seismic	   crisis	   accompanied	   the	   opening	   of	   a	   new	   eruptive	   fracture	   located	   between	  Mt	   Frumento	   Supino	   and	   La	  
Montagnola	  on	  the	  upper	  southern	  flank	  of	  Mt	  Etna	  (Platania,	  1911b,	  a;	  Branca	  and	  Del	  Carlo,	  2004).	  Strombolian	  activity	  suddenly	  took	  place	  
forming	  Mt	  Riccò	  scoria	  cone	  and	  producing	  a	  lava	  flow	  that	  started	  to	  descent	  towards	  the	  town	  of	  Nicolosi	  halting	  few	  hundred	  meters	  before	  
arriving	  at	  the	  Nicolosi	  –	  Borrello	  road	  at	  ∼	  700	  m	  a.s.l.	  (total	  length	  of	  the	  flow	  ∼10	  km	  in	  length)(De	  Fiore,	  1909;	  Platania,	  1910;	  Ponte,	  1910a,	  
b;	  Riccò,	  1910b,	  a;	  Vinassa	  de	  Regny	  et	  al.,	  1911;	  Chester	  et	  al.,	  1985).	  Eruptive	  activity	  produced	  ∼	  51	  ·∙106	  m3	  of	  lava	  (Tanguy	  et	  al.,	  2007)	  with	  
an	  average	  effusion	  rate	  of	  ∼	  22.6	  m3/s.	  
A.D.	  1911	  North-­‐East	  Crater	  (NEC)	  birth	  and	  northeastern	  flank	  eruption	  –	  Sample	  1911	  RM12	  
On	  May	  27th	  1911,	  after	  a	  partial	  collapse	  of	  the	  upper	  northeastern	  flank	  of	  the	  summit	  cone,	  a	  new	  crater	  opened	  at	  the	  altitude	  of	  3160	  m	  
a.s.l.	  This	  new	  eruptive	  vent	  was	  subsequently	  named	  North-­‐East	  Crater	   (NEC)(Riccò,	  1911).	   In	  September	   (10th	   to	  23rd)	  a	  8km	   long	   fracture	  
opened	  on	  the	  northeastern	  base	  of	  central	  craters	  along	  the	  N-­‐E	  Rift	  from	  ∼	  2550	  to	  1650	  m	  a.s.l.	  The	  related	  explosive	  activity	  produced	  a	  
2km	   high	   eruptive	   column	   and	   a	   lava	   that	   began	   to	   flow	   to	   the	   northwest.	   On	   September	   14th	   the	   lava	   flow	   reached	   the	   Linguaglossa	   –	  
Randazzo	  road	  and	  the	  Circumetnea	  railway	   (Anonymous,	  1911;	  Platania,	  1911a;	  Ponte,	  1911;	  Platania,	  1912;	  Ponte,	  1912,	  1913;	  Guest	  and	  
Brown,	  1973;	  Chester	  et	  al.,	  1985;	  Branca	  and	  Del	  Carlo,	  2004).	  The	  total	  volume	  of	  lava	  emitted	  was	  ∼	  41	  ·∙	  106	  m3	  with	  an	  average	  effusion	  rate	  
of	  34	  m3/s	  (Tanguy	  et	  al.,	  2007).	  Just	  a	  month	  after	  the	  end	  of	  the	  eruption	  a	  powerful	  earthquake	  hit	  again	  the	  northeastern	  flank	  destroying	  
the	  small	  village	  of	  Fondo	  di	  Macchia	  (CNR,	  1985;	  Boschi	  et	  al.,	  1997;	  Gruppo	  di	  Lavoro	  CPTI,	  2004;	  Carveni	  et	  al.,	  2011a;	  Carveni	  et	  al.,	  2011b).	  
A.D.	  1923	  Northeastern	  flank	  eruption	  –	  Sample	  1923	  RM12	  
On	  June	  17th	  1923	  a	  NE-­‐SW	  fracture	  opened	  on	  the	  northeastern	  flank	  between	  2500	  and	  1800	  m	  a.s.l.;	  the	  subsequent	  eruptive	  activity	  quickly	  
built	  Mt	  Ponte	  di	  Ferro	  scoria	  cone	  (Chester	  et	  al.,	  1985;	  Branca	  and	  Del	  Carlo,	  2004;	  Chester	  et	  al.,	  2012).	  A	  11	  km	  long	  lava	  flowed	  towards	  
Castiglione	   di	   Sicilia	   destroying	   the	   village	   of	   Catena,	   cutting	   the	   Circumetnea	   railway	   and	   the	   Linguaglossa	   –	   Randazzo	   road	   (June	   19th)	  
(Anonymous,	  1923a,	  b;	  Ponte,	  1923;	  De	  Fiore,	  1926).	  The	  eruption	  ended	  on	  July	  18th	  when	  more	  than	  63·∙	  106	  m3	  (Tanguy	  et	  al.,	  2007)	  of	  lava	  




A.D.	  1928	  Eastern	  flank	  eruption	  –	  Sample	  1928	  RM12	  
On	  November	  2nd	  1928	  several	  intense	  ash	  emission	  explosions	  occurred	  at	  NEC	  and	  at	  central	  craters	  foreshadowing	  the	  imminent	  unrest	  of	  
the	   volcano.	   Few	   hours	   later	   a	   new	   ENE-­‐WSW	   fracture	   system	   opened	   along	   N-­‐E	   Rift;	   the	   fissure	   system	  was	   composed	   by	   three	   distinct	  
eruptive	  fissures	  located	  on	  the	  eastern	  feet	  of	  NEC	  (2600	  m	  a.s.l.),	  north	  to	  Mt	  Concazza	  (2000	  –	  1600	  m	  a.s.l.)	  and	  close	  to	  Ripa	  della	  Naca	  
(1200	  m	  a.s.l.)	  respectively	  (Ponte,	  1928,	  1929a,	  b).	  From	  the	  lowest	  fractures	  a	  8km	  long	  and	  800	  m	  wide	  lava	  began	  to	  flow	  towards	  Mascali	  
destroying	  the	  villages	  of	  Pietrafucile,	  Costa	  Sovara	  and	  Mascali	  and	  provoking	  severe	  damages	  to	  railways,	  roads,	  aqueduct,	  power	  lines,	  etc.	  
(Duncan	  et	  al.,	  1996;	  Branca	  and	  Del	  Carlo,	  2004).	  	  Eruption	  ended	  on	  November	  20th:	  more	  than	  33	  ·∙	  106	  m3	  of	  lava	  were	  emitted	  (Tanguy	  et	  
al.,	  2007)	  with	  a	  mean	  effusion	  rate	  of	  ∼	  20	  m3/s.	  
A.D.	  1942	  southern	  flank	  eruption	  -­‐	  Sample	  C1942X	  RM	  	  
On	   June	  30th	  1942	  a	  brief	  eruption	  occurred	   form	  a	   fissure	  opened	  on	   the	  upper	  SSW	   flank	   (2780	  –	  2250	  m	  a.s.l.).	   	  A	  3·∙106	  m3	   lava	   flowed	  
downhill	  branched	  into	  two	  tongues	  (Tanguy	  et	  al.,	  2007).	  The	  event	  lasted	  only	  one	  day	  and	  was	  followed	  by	  isolated	  explosions	  on	  central	  
craters	  (Cumin,	  1943;	  Ponte,	  1948).	  	  	  	  
A.D.	  1947	  NEC,	  central	  craters	  and	  northeastern	  flank	  eruption	  –	  Sample	  1947	  RM12	  
On	  the	  first	  half	  of	  February	  (5th	  to	  16th)	  1947	  several	  paroxysmal	  episodes	  occurred	  at	  NEC:	  fire	  fountains	  rose	  up	  to	  500	  meters	  and	  a	  strong	  
Sub-­‐Plinian	  explosion	  happened	  on	  February	  5th.	  	  On	  February	  24th	  two	  lava	  flows	  began	  to	  outpour	  from	  a	  NE-­‐SW	  trending	  system	  of	  fractures	  
opened	  on	  the	  upper	  northern	  flank	  	  (2300	  –	  2150	  m	  a.s.l.).	  The	  lava	  flowed	  to	  the	  north	  cutting	  the	  Quota	  Mille	  road	  (Cucuzza	  Silvestri,	  1949b,	  
a).	  The	  eruption	  ended	  on	  March	  10th	  when	  more	   than	  107	  m3	  of	   lava	  were	  emitted	  with	  an	  average	  effusion	   rate	  of	  8	  m3/s	   (Tanguy	   et	  al.,	  
2007).	  	  
A.D.	  1949	  central	  craters	  and	  northwestern	  flank	  eruption	  –	  Sample	  1949	  
In	  the	  first	  week	  of	  December	  (2nd	  –	  5th)	  1949	  a	  large	  NNW-­‐SSE	  eruptive	  fissure	  opened	  on	  the	  summit	  cone	  generating	  two	  distinct	  3km	  long	  
lava	  flows	  that	  started	  to	  descend	  towards	  the	  north	  and	  the	  south.	  Simultaneously	  a	  second	  fracture	  opened	  on	  the	  upper	  northwestern	  flank	  
(2420	  –	  2100	  m	  a.s.l.).	  The	  eruptive	  activity	  fed	  a	  6	  km	  long	  lava	  that	  flowed	  westward	  halting	  at	  an	  altitude	  of	  1450	  m	  a.s.l.	  close	  to	  Mt	  Egitto	  
(Cumin,	  1950b,	  a).	  	  
A.D.	  1950-­‐1951	  eastern	  flank	  eruption	  –	  Samples	  1950-­‐51	  RM12	  and	  C1950-­‐51	  RM13	  
On	  November	  25th	  1950,	  just	  a	  year	  after	  the	  last	  event,	  a	  new	  eruption	  took	  place	  on	  the	  eastern	  flank.	  Lava	  started	  outpouring	  from	  an	  E-­‐W	  
trending	  fissure	  opened	  on	  the	  western	  rim	  of	  Valle	  del	  Bove	  (Ponte,	  1953;	  Cumin,	  1954).	  The	  eruption	  lasted	  for	  more	  than	  a	  year	  covering	  
more	   than	   9	   km	   and	   reaching	   the	   Fornazzo	   –	   Linguaglossa	   road.	   The	   eruptive	   event	   ended	   on	  December	   2nd	   1951.	   Total	   emitted	   lava	  was	  
estimated	  at	  ∼137·∙	  106	  m3	  (Tanguy	  et	  al.,	  2007)	  with	  an	  average	  effusion	  rate	  of	  ∼4	  m3/s.	  
A.D.	  1955	  -­‐	  1964	  central	  craters	  eruptions	  –	  Sample	  1964	  
During	   the	   period	   of	   continuous	   activity	   of	  NEC	   just	  mentioned	   above,	   central	   craters	   showed	   a	   phase	   of	   intense	   activity	   characterized	   by	  
violent	   explosions,	   lava	   fountaining	   episodes	   and	   copious	   lava	  overflows.	  Noteworthy	   events	   occurred	  on	   September	   1955,	   February	   28th	   –
March	  2nd	  1956,	  April	  2nd	  –	  8th	  1956,	  July	  17th	  –August	  5th	  1960,	  May	  12th	  –	  13th	  1961	  and	  February	  1st	  –	  July	  5th	  1964	  (Cucuzza	  Silvestri,	  1957,	  
1960a,	  b,	  1964,	  1965;	  Romano	  and	  Sturiale,	  1982;	  Branca	  and	  Del	  Carlo,	  2004;	  Tanguy	  et	  al.,	  2007).	  
A.D.	  1971	  southern	  and	  eastern	  flank	  eruption	  –	  Sample	  1971	  RM12	  
1971	  eruption	  can	  be	  broadly	  divided	  in	  two	  major	  phases:	  
The	  first	  phase	  began	  on	  April	  5th	  when	  two	  radial	  fractures	  opened	  on	  the	  upper	  flanks	  of	  central	  crater	  towards	  the	  N	  and	  the	  NNW	  at	  an	  
altitude	  between	  3100	  and	  3000	  m	  a.s.l.	  Explosive	  activity	  quickly	  built	  two	  cinder	  cones	  and	  started	  to	  feed	  a	  lava	  flow	  that	  began	  to	  descent	  
to	   the	   southeast	   into	   Valle	   del	   Bove.	   On	   April	   22nd	   a	   new	   vent	   opened	   close	   to	   Osservatorio	   Vulcanologico	   at	   Pian	   del	   Lago:	   lava	   flowed	  
southward	  surrounding	  and	  destroying	  several	  pylons	  of	  the	  cable	  car	  and	  the	  observatory.	  On	  May	  4th	  a	  new	  eruptive	  fissure	  opened	  on	  the	  
eastern	   flank	   of	   central	   craters	   at	  ∼	   2900	  m	  a.s.l.;	   the	   outpoured	   lava	   flowed	   into	  Valle	   del	   Bove	   reaching	  Mt	   Centenari	   in	   just	   few	  hours.	  
Activity	   from	  both	  eruptive	   fissures	   suddenly	   started	  waning	   and	   completely	   ended	   in	   the	  early	  morning	  of	  May	  7th	   (Rittmann	   et	   al.,	   1971;	  
Smithsonian	  Inst.,	  1971;	  Tanguy	  et	  al.,	  1973).	  	  
The	  second	  phase	  began	  later	  in	  the	  same	  night	  when	  a	  new	  5	  km	  long	  fissure	  opened	  on	  the	  steep	  slope	  between	  Valle	  del	  Bove	  and	  Valle	  del	  
Leone.	  Lava	  started	  to	  outpour	  from	  a	  1800	  m	  a.s.l.	  vent	  located	  near	  Rifugio	  Citelli	  and	  continued	  to	  flow	  until	  the	  end	  of	  the	  eruption	  which	  
occurred	  on	  June	  12th.	  The	  resulting	  8km	  long	  lava	  ran	  Valle	  del	  Bove	  seriously	  threatening	  the	  villages	  of	  Sant’Alfio	  and	  Fornazzo.	  Fortunately	  
the	  flow	  halted	  in	  the	  valley	  of	  Cava	  Grande	  (∼600	  m	  a.s.l.)	  taking	  a	  load	  off	  the	  worried	  inhabitants.	  On	  May	  18th	  a	  small	  pit	  crater	  opened	  on	  
the	  southeastern	  base	  of	  the	  summit	  cone	  at	  ∼2915	  m	  a.s.l.;	  this	  degassing	  pit	  was	  successively	  named	  South	  East	  Crater	  (SEC)	  (Rittmann	  et	  al.,	  
1971;	  Smithsonian	  Inst.,	  1971;	  Guest	  and	  Brown,	  1973;	  Guest	  and	  Skelhorn,	  1973;	  Rittmann	  et	  al.,	  1973;	  Walker,	  1973;	  Battey,	  1974;	  Wadge,	  




A.D.	  1974	  western	  flank	  Mts	  De	  Fiore	  eruptions	  –	  Samples	  1974	  I	  RM	  and	  1974	  II	  
Since	  the	  second	  half	  of	  January	  1974	  an	  unusually	  strong	  seismic	  activity	  hit	  the	  southern	  and	  western	  flanks	  of	  Mt	  Etna	  foreshadowing	  an	  
imminent	  eruption.	  Seismicity	  occurred	  at	  a	  very	  shallow	  depth	  (2-­‐3	  km)	  under	  the	  western	  slope	  of	  the	  volcano	  reaching	  magnitudes	  between	  
3.4	   and	   4.3	  Mw	   (Bottari	   et	   al.,	   1975;	  Guerra	   et	   al.,	   1976).	   During	   both	   the	   pre-­‐eruptive	   and	   syn-­‐eruptive	   periods	  most	   of	   the	   earthquakes	  
concentrated	   along	   a	   WSW-­‐ESE	   oriented	   seismogenic	   zone	   that	   extended	   from	   the	   central	   craters	   to	   the	   lower	   western	   flank	   (W-­‐	   Rift).	  
Hypocenters	  were	   located	   at	   variable	   depth,	   ranging	   between	   0.5	   -­‐	   2km	   to	   20-­‐	   25	   km	   b.s.l.	   (Mazzarini	   and	   Armienti,	   2001;	   Corsaro	   et	   al.,	  
2009b).	  
A.D.	  1974	  western	  flank	  eruptions	  are	  commonly	  subdivided	  into	  two	  main	  phases	  each	  of	  them	  related	  to	  the	  formation	  of	  two	  distinct	  scoria	  
cones,	  Mt	  de	  Fiore	  I	  and	  II	  located	  at	  1670	  and	  1650	  m	  a.s.l.	  respectively	  on	  the	  western	  flank	  of	  Mt	  Etna	  (Guest	  et	  al.,	  1974;	  Smithsonian	  Inst.,	  
1974;	  Working	  Group	  of	  the	  Surveillance	  of	  Etna,	  1974;	  Tanguy	  and	  Kieffer,	  1976;	  Corsaro	  et	  al.,	  2009b).	  
In	  the	  noon	  of	  January	  30th	  an	  eruptive	  vent	  opened	  on	  the	  western	  flank	  of	  Mt	  Etna,	  about	  6	  km	  west	  of	  central	  craters	  area	  at	  an	  unusual	  
extremely	  low	  altitude	  of	  ∼1680	  m	  a.s.l.	  Strong	  strombolian	  explosions	  and	  fire	  fountaining	  quickly	  built	  a	  scoria	  cone	  up	  to	  100	  m	  high	  (Mt	  De	  
Fiore	  I)	  and	  fed	  a	  modest	  lava	  flow	  that	  ran	  westward	  towards	  Mt	  Nuovo.	  Between	  February	  9th	  and	  the	  end	  of	  the	  eruption	  (February	  17th)	  the	  
explosive	  activity	  weakened	  and	  lava	  outpouring	  became	  more	  important.	  The	  flow	  first	  started	  to	  descent	  towards	  the	  south	  when	  suddenly	  
diverted	  to	  the	  west	  reaching	  a	  maximum	  length	  of	  2	  km.	  	  
The	  second	  phase	  began	  22	  days	  after	  the	  end	  of	  Mt	  De	  Fiore	   I	  activity	  and,	  as	   for	  the	  first	  phase,	   it	  was	  foreshadowed	  by	  a	  strong	  seismic	  
sequence.	   	   In	  the	  early	  morning	  of	  March	  11th	  a	  new	  vent	  opened	  few	  hundred	  meters	  west	  of	  Mt	  De	  Fiore	  I.	  The	  eruptive	  activity	  was	  very	  
similar	  to	  the	  former	  one	  and	  a	  second	  cone	  was	  rapidly	  built	  (Mt	  de	  Fiore	  II).	  A	  new	  lava	  began	  to	  overflow	  from	  a	  deep	  notch	  opened	  on	  the	  
western	  rim	  of	  the	  cone.	  Isolated	  explosions	  became	  less	  and	  less	  frequent	  until	  the	  end	  of	  March	  (29th)	  when	  activity	  definitely	  ceased	  after	  
having	   produced	   a	   1.5	   km	   long	   lava	   flow	   (Tanguy	   and	   Kieffer,	   1976;	   Romano	   and	   Sturiale,	   1978a).	   Nevertheless	   the	   small	   volume	   of	   lava	  
erupted	  (less	  than	  5·∙	  106	  m3),	  1974	  eruption	  was	  a	  milestone	   in	  historical	  etnean	  activity	  marking	  a	  significant	  change	  by	  a	  geochemical	  and	  
volcanological	  points	  of	  view	  (Bottari	  et	  al.,	  1975;	  Tanguy	  and	  Kieffer,	  1976;	  Corsaro	  and	  Cristofolini,	  1996;	  Branca	  and	  Del	  Carlo,	  2004;	  Corsaro	  
and	  Pompilio,	  2004b;	  Branca	  and	  Del	  Carlo,	  2005;	  Tanguy	  et	  al.,	  2007;	  Branca	  et	  al.,	  2008;	  Corsaro	  et	  al.,	  2009b;	  Branca	  et	  al.,	  2011a).	  	  
A.D.	  1974-­‐78	  NEC	  eruptive	  events	  –	  Sample	  1978?	  
During	  this	  five	  years	  NEC	  showed	  an	  almost	  continuous	  activity	  characterized	  by	  short-­‐lived	  eruptive	  episodes	  with	  related	  ash	  emissions	  and	  
several	  lava	  flows	  departing	  from	  a	  series	  of	  fissures	  opened	  all	  around	  NEC	  slopes.	  Two	  distinct	  eruptive	  phases	  were	  distinguished:	  
1)	  September	  29th	  1974	  –	  December	  1976:	  
An	   almost	   persistent	   activity	   characterized	   by	   slow	   lava	   effusions	   and	   mild	   Strombolian	   explosions	   occurred	   at	   NEC	   during	   this	   phase	  
(Smithsonian	  Inst.,	  1974;	  Romano	  and	  Sturiale,	  1978a).	  On	  24th	  February	  1975	  activity	  suddenly	  shifted	  from	  NEC	  to	  a	  new	  vent	  located	  ∼	  1km	  
to	  the	  north	  (∼	  2600	  m	  a.s.l.).	  Mild	  Strombolian	  activity	  lasted	  until	  the	  end	  of	  1976	  moving	  again	  to	  some	  new	  vents	  activated	  near	  Punta	  Lucia	  
(Mt	  Cumin)	  (Smithsonian	  Inst.,	  1975;	  Pinkerton	  and	  Sparks,	  1976;	  Smithsonian	  Inst.,	  1976;	  Romano	  and	  Sturiale,	  1978a,	  b).	  
2)	  July	  16th	  1977	  -­‐	  March	  29th	  1978	  
During	  this	  period	  a	  series	  of	  ∼	  20	  violent	  paroxysmal	  events	  characterized	  by	  lava	  emission	  and	  fire	  fountaining	  occurred	  at	  NEC.	  Lava	  flowed	  
all	  over	   the	  whole	  northern	   sector	  of	  Mt	  Etna	   reaching	  more	   than	  7km	   in	   length	   (McClelland	   et	  al.,	   1975	   -­‐	  1985;	  Romano,	  1980).	  The	   total	  
amount	  of	  emitted	  lava	  during	  A.D.	  1974	  –	  1978	  eruptive	  phase	  range	  between	  60	  to	  80·∙	  106m3	  (Smithsonian	  Inst.,	  1978).	  
A.D.	  1979	  central,	  eastern	  and	  northeastern	  flank	  eruptions	  –	  Sample	  1979	  RM12	  
In	  late	  June	  1979	  a	  new	  eruptive	  phase	  took	  place	  at	  Voragine	  crater.	  About	  one	  month	  later	  the	  activity	  shifted	  to	  SEC	  gradually	  intensifying	  
through	  the	  end	  of	  July	  (Guest	  and	  Murray,	  1980;	  Romano,	  1981).	  On	  August	  3rd	  strong	  lava	  fountaining	  and	  vigorous	  lava	  emissions	  took	  place	  
simultaneously	  at	  SEC	  and	  along	  the	  A.D.	  1978	  fracture.	  Copious	  ash	  fallouts	  reached	  Siracusa	  and	  Catania	  forcing	  the	  closure	  of	  the	  airport.	  In	  
the	  following	  days	  few	  new	  eruptive	  fissures	  opened	  in	  the	  northwestern	  rim	  of	  Valle	  del	  Leone	  near	  Mt	  Simone	  feeding	  a	  copious	  lava	  flow	  
that	  descended	  along	  the	  northern	  rim	  of	  Valle	  del	  Bove	  towards	  the	  village	  of	  Fornazzo	  (Smithsonian	  Inst.,	  1979).	  Fornazzo	  was	  evacuated	  for	  
safety	  reason	  but	  the	  flow	  halted	  just	  50m	  before	  the	  main	  road	  provoking	  only	  minor	  damages.	  On	  August	  6th	  a	  new	  eruptive	  fissure	  opened	  
east	  of	  Rifugio	  Citelli	  on	   the	  northern	  rim	  of	  Valle	  del	  Bove	   in	  correspondence	  of	   the	  upper	  A.D.	  1928	  eruptive	   fissure.	  A	  minor	   lava	   flowed	  
towards	  NNE	  halting	  on	  August	  8th	  few	  meters	  north	  of	  road	  to	  the	  Rifugio	  (McClelland	  et	  al.,	  1975	  -­‐	  1985).	  SEC	  explosive	  activity	  lasted	  until	  
the	  end	  of	  the	  eruption	  (August	  9th)	  when	  more	  than	  7.5	  ·∙	  106	  m3	  of	  lava	  and	  some	  as	  1-­‐2·∙	  106	  m3	  of	  pyroclasts	  were	  emitted	  (Branca	  and	  Del	  







A.D.	  1981	  Northwestern	  flank	  eruption	  –	  Sample	  1981	  RM12	  
Since	  A.D.	  1980-­‐	  1981	  summit	  craters	  eruptive	  events,	  hundreds	  of	   small	  earthquakes	  with	  a	  peak	  magnitude	  of	  4-­‐5	  Mw	  foreshadowed	  the	  
opening	  of	  several	  fractures	  located	  between	  2700	  and	  2500	  m	  a.s.l.	  on	  the	  northern	  flank	  of	  the	  volcano	  (De	  Natale	  et	  al.,	  1985;	  Vinciguerra	  et	  
al.,	  2001;	  Gresta	  et	  al.,	  2005).	  	  
On	  March	  17th,	  at	  13:37	  (CET)	  a	  first	  fissure	  opened	  at	  ∼	  2600	  m	  a.s.l.;	  late	  in	  the	  same	  day	  several	  fractures	  propagated	  downslope	  towards	  the	  
NNW.	  The	  fissure-­‐related	  eruptive	  activity	  produced	  a	  lava	  that	  started	  to	  descend	  towards	  the	  north	  (Sanderson,	  1982;	  Sanderson	  et	  al.,	  1983;	  
Bonneville	   et	   al.,	   1985).	   At	   the	   same	   time	   few	   new	   eruptive	   vents	   opened	   at	   lower	   altitudes	   rapidly	   building	   small	   pyroclastic	   cones	   and	  
producing	  modest	  lava	  flows.	  The	  first	  flow	  halted	  ∼	  2	  km	  south	  of	  Randazzo	  at	  ∼	  1000	  m	  a.s.l.	  while	  the	  second	  reached	  the	  Alcantara	  riverbed	  
between	  the	  villages	  of	  Randazzo	  and	  Montelaguardia,	  ∼7.5	  km	  far	  from	  the	  eruptive	  vent	  (Guest	  et	  al.,	  1987).	  	  
Activity	  lasted	  until	  March	  23rd	  1981	  when	  the	  eruption	  totally	  ceased	  (McClelland	  et	  al.,	  1975	  -­‐	  1985;	  Cosentino	  et	  al.,	  1981;	  Smithsonian	  Inst.,	  
1981;	  Romano	  and	  Sturiale,	  1983;	  Romano	  and	  Vaccaro,	  1986).	  
The	  total	  volume	  of	  erupted	  products	  was	  estimated	  at	  18·∙	  106	  m3	  of	  lava	  and	  ∼	  1·∙	  106	  m3	  of	  pyroclasts	  (Guest	  et	  al.,	  1987;	  Tanguy	  et	  al.,	  2007).	  
The	  most	  of	   the	  erupted	   lava	  was	  mainly	  produced	  during	   the	   first	   two	  days	  of	   the	  eruption,	   reaching	  effusion	  rate	  as	  high	  as	  200-­‐300m3/s	  
(Villari,	  1981)	  and	  provoking	  notable	  ground	  deformation	  in	  the	  whole	  volcanic	  edifice	  (Murray,	  1982;	  Sanderson	  et	  al.,	  1983;	  Del	  Negro	  et	  al.,	  
1997;	  Bonaccorso,	  1999).	  
A.D.	  1983	  southern	  flank	  eruption	  –	  Sample	  1983*	  RM12	  
On	  March	  28th	  1983,	  after	  a	  series	  of	  small	  earthquakes,	  a	  new	  eruptive	  fracture	  opened	  on	  the	  southern	  flank	  of	  Mt	  Etna	  at	  ∼	  2300	  m	  a.s.l.	  just	  
few	  meters	  west	  of	  La	  Montagnola	  (Smithsonian	  Inst.,	  1983;	  Bousquet	  et	  al.,	  1984;	  Cosentino	  et	  al.,	  1984;	  Glot	  et	  al.,	  1984;	  Patanè	  et	  al.,	  1984;	  
Gasperini	  et	  al.,	  1992;	   Imposa,	  2008).	  Lava	  began	  to	  flow	  towards	  the	  edifices	  around	  Rifugio	  Sapienza	  provoking	  severe	  damages	  to	  several	  
tourist	   facilities	  but	   saving	   the	   refugee.	   In	   the	   following	  days	   the	   lava	   field	  extended	  downslope	  destroying	   forests,	   cultivated	   field,	  burying	  
several	   isolated	  buildings	   and	   interrupting	   the	   Strada	   Provinciale	   92	  Nicolosi	   –	   Rifugio	   Sapienza	   road	   (Kieffer,	   1983;	   Frazzetta	   and	  Romano,	  
1984).	  	  
1983	   Lava	   field	   show	   an	   ‘a-­‐a’	   complex	   morphology	   consisting	   of	   numerous	   overlapping	   and	   adjacent	   lava	   lobes,	   tumuli	   and	   lava	   tunnels	  
(McClelland	  et	  al.,	  1975	  -­‐	  1985;	  Guest	  et	  al.,	  1987;	  Duncan	  et	  al.,	  2004).	  Lava	  emission	  lasted	  until	  August	  6th	  when	  the	  activity	  definitely	  ceased.	  
Total	  lava	  emitted	  was	  ∼	  103·∙	  106	  m3	  covering	  an	  area	  of	  more	  than	  6	  km2	  with	  an	  average	  output	  rate	  of	  9.1	  m3/s	  (Harris	  et	  al.,	  2011).	  During	  
the	  flank	  eruption	  Bocca	  Nuova	  emitted	  irrelevant	  amounts	  of	  pyroclasts	  that	  however	  reached	  the	  Calabrian	  Coast	  (Smithsonian	  Inst.,	  1983;	  
Branca	  and	  Del	  Carlo,	  2004).	  	  
A.D.	   1983	   eruption	   is	   also	   remembered	   for	   the	   various	   attempts	   tried	   to	   control	   the	   advance	   of	   lava	   flows	  with	   the	   aid	   of	   explosions	   and	  
earthen	  barriers	  (Abersten,	  1984;	  Colombrita,	  1984;	  Lockwood	  and	  Romano,	  1985).	  	  	  
A.D.	  1985	  Southern	  and	  eastern	  flank	  eruptions	  –	  Sample	  1985	  RM13	  
The	  A.D.	  1985	  southern	  flank	  eruption	  started	  on	  March	  8th	  when	  a	  paroxysmal	  episode	  occurred	  at	  SEC.	  Vigorous	  Strombolian	  activity	  fed	  a	  3.8	  
km	  long	  lava	  that	  flowed	  eastward	  into	  Valle	  del	  Bove.	  Two	  days	  later	  a	  new	  fracture	  system	  opened	  on	  the	  southern	  flank	  at	  ∼	  2600	  -­‐	  2500	  m	  
a.s.l.	   Mild	   Strombolian	   explosions	   suddenly	   took	   place	   from	   several	   vents	   along	   the	   fracture	   rapidly	   that	   rapidly	   built	   a	   row	   of	   hornitos	  
(Smithsonian	  Inst.,	  1985).	   In	  the	  following	  hours	  only	  the	  lowest	  two	  hornitos	  remained	  active:	  the	  outpoured	  lava	  descended	  towards	  the	  S	  
and	  the	  SW	  extending	  along	  the	  A.D.	  1983	  flow	  field.	  During	  the	  following	  days	  the	  lava	  flow	  damaged	  the	  Rifugio	  Sapienza	  cablecar	  (March	  
14th)	   and	   surrounded	  Monte	  Nero	   (2150	  m	  a.s.l.)	   on	  May	  10th1985.	   In	  April	   1985	   the	  main	   lava	   channel	  was	   completely	   transformed	   to	   an	  
almost	  continuous	  lava	  tube	  extending	  from	  2510	  to	  2320	  m	  a.s.l.	  Several	  ephemeral	  vents	  opened	  along	  the	  lava	  tube	  fed	  numerous	  parasitic	  
flows	  that	  advanced	  towards	  the	  east	  reaching	  a	  minimum	  altitude	  of	  ∼	  1830	  m	  a.s.l.	  (Smithsonian	  Inst.,	  1985).	  The	  eruption	  ended	  on	  July	  13rd	  
when	  the	  last	  active	  ephemeral	  vents	  blocked.	  	  The	  estimated	  lava	  emitted	  was	  around	  20·∙	  106	  m3	  with	  a	  mean	  effusion	  rate	  1.7	  m3/s	  (Harris	  et	  
al.,	  2011).	  
In	  the	  early	  morning	  of	  December	  25th	  a	  strong	  and	  shallow	  (2	  km	  in	  depth)	  seismic	  swarm	  hit	  the	  eastern	  flank	  of	  Mt	  Etna	  along	  the	  Pernicana	  
fault.	  The	  main	   shock	   (Mw	  3.5)	  occurred	  at	  03:38	  CET	  completely	  destroying	  hotel	   ‘Le	  Betulle’,	   killing	  one	  person	  and	   injuring	   seven	  others	  
(Smithsonian	   Inst.,	  1985).	  At	   the	  meantime	  an	  eruptive	   fissure	  opened	  on	   the	  western	   rim	  of	  Valle	  del	  Bove	  at	  ∼	  2800	  m	  a.s.l.	   Strombolian	  
activity	  and	  lava	  fountaining	  soon	  started	  from	  few	  vents	  opened	  along	  the	  fissure	  while	  a	  lava	  flow	  began	  to	  run	  across	  the	  floor	  of	  the	  valley.	  
Eruptive	  activity	  temporary	  ended	  few	  hours	  later,	  on	  December	  26th.	  After	  few	  days	  of	  inactivity	  the	  eruption	  resumed	  again	  on	  December	  28th	  
from	  a	  new	  fissure	  opened	  at	  ∼	  2600	  m	  a.s.l.	  The	  A.D.	  1985	  eastern	  flank	  eruptions	  totally	  ceased	  on	  December	  31st	  (Scorer,	  1986).	  Outpoured	  
lava	  travelled	  ∼	  3.5	  km	  into	  Valle	  del	  Bove	  reaching	  the	  western	  roots	  of	  Mt	  Centenari.	  The	  total	  volume	  of	  lava	  emitted	  was	  estimated	  at	  about	  






A.D.	  1986	  -­‐	  1987	  northeast	  flank	  eruption	  –	  Sample	  C1986	  RM13	  
After	  the	  end	  of	  a	  brief	  but	  intense	  seismic	  swarm	  centered	  at	  Piano	  Provenzana	  (Gasperini	  et	  al.,	  1992),	  on	  October	  30th	  1986	  a	  new	  system	  of	  
ENE	  trending	  eruptive	  fractures	  opened	  on	  SEC	  flanks	  at	  an	  altitude	  between	  2900	  –	  2500	  m	  a.s.l.	  At	  the	  same	  time	  several	  small	  pit	  craters	  
opened	  at	  2900	  and	  at	  2300	  m	  a.s.l.	  starting	  to	  outpour	  a	  new	  lava	  flow	  that	  descended	  again	  into	  Valle	  del	  Bove	  (Smithsonian	  Inst.,	  1986).	  The	  
largest	  pyroclastic	  cone	  was	  named	  Mt	  Rittmann	  in	  honor	  of	  the	  famous	  volcanologist	  who	  worked	  for	  many	  years	  on	  Mt	  Etna	  (Smithsonian	  
Inst.,	  1986;	  Armienti	  et	  al.,	  1987;	  Caltabiano	  et	  al.,	  1987;	  Carveni	  et	  al.,	  1987;	  Calvari	  et	  al.,	  1989).	  	  
On	   October	   31st	   1986	   an	   intense	   eruption	   occurred	   at	   SEC	   resulting	   in	   the	   emission	   of	   2km	   long	   lava	   flow.	   The	   SEC	   eruption	   ended	   on	  
November	  2nd.	  Eruptive	  activity	  continued	  vigorously	  through	  the	  new	  year	  ceasing	  completely	  on	  February	  27th	  1987.	  	  
During	  this	  eruptive	  phase	  more	  than	  50·∙106	  m3	  of	  lava	  and	  2.4·∙106	  m3	  of	  pyroclasts	  were	  emitted	  with	  an	  average	  effusion	  rate	  of	  ∼	  4.7	  m3/s	  
(Harris	  et	  al.,	  2011)	  covering	  an	  area	  of	  5.7	  km2.	  During	  the	  following	  months	  several	  phreatic	  explosions	  occurred	  at	  SEC,	  VOR	  and	  BN;	  on	  April	  
17th	  1987	  one	  of	  these	  killed	  two	  tourists	  and	  injured	  seven	  others	  while	  visiting	  central	  craters.	  Weak	  Strombolian	  activity	  episodes	  occurred	  
again	  at	  SEC	  in	  late-­‐April	  (25-­‐26th)	  and	  mid-­‐May	  (10	  –	  16th)(Smithsonian	  Inst.,	  1987).	  	  
A.D.	  1991-­‐1993	  southeastern	  flank	  eruption	  –	  Sample	  1993	  
On	  December	  14th	  1991	  hundreds	  small	  and	  very	  shallow	  earthquakes	  accompanied	  the	  opening	  of	  new	  systems	  of	  eruptive	  fissures	  both	  on	  
the	  upper	  SE	  (3000	  m	  a.s.l.)	  and	  on	  the	  northern	  slope	  of	  SEC	  (Smithsonian	  Inst.,	  1991	  -­‐	  1993;	  Ferrucci	  and	  Patanè,	  1993;	  Calvari	  et	  al.,	  1994a;	  
Patanè	  et	  al.,	  1995;	  Lombardo	  et	  al.,	  1996;	  Bousquet	  and	  Lanzafame,	  2001;	  Brancato	  and	  Gresta,	  2003).	  Mild	  lava	  fountaining	  and	  lava	  flows	  
suddenly	  over-­‐imposed	  on	  the	  fractures,	  lasting	  just	  few	  hours.	  Activity	  started	  to	  wane	  when	  a	  new	  seismic	  crisis	  heralded	  the	  opening	  of	  a	  
new	  system	  of	  fissures	  along	  the	  dry	  fracture	  opened	   in	  A.D.	  1989	  on	  the	  western	  rim	  of	  Valle	  del	  Bove	  east	  of	  Cisternazza	  (2340	  –	  2210	  m	  
a.s.l.)	  (Smithsonian	  Inst.,	  1991	  -­‐	  1993;	  Falsaperla	  et	  al.,	  2010).	  Vigorous	  Strombolian	  activity	  suddenly	  started	  outpouring	  huge	  quantities	  of	  lava	  
that	  flowed	  towards	  Piano	  del	  Trifoglietto	  in	  the	  southern	  portion	  of	  Valle	  del	  Bove.	  Lava	  reached	  Salto	  della	  Giumenta	  on	  December	  20th	  and	  
continued	  advancing	  destroying	  the	  Zafferana	  Etnea	  water	  supply	  system	  (Smithsonian	  Inst.,	  1991	  -­‐	  1993;	  Calvari	  et	  al.,	  1994a;	  Tanguy	  et	  al.,	  
1996;	  Harris	  et	  al.,	  1997;	  Allard	  et	  al.,	  2006).	  
As	   a	   precaution	   to	   prevent	   the	   lava	   advancing	   towards	   Zafferana	   Etnea,	   on	   1st	   January	   1992	   the	  Minister	   for	   Civil	   Protection	   ordered	   the	  
building	  of	  an	  earthen	  barrier	  to	  protect	  the	  village	  (Smithsonian	  Inst.,	  1991	  -­‐	  1993;	  Barberi	  et	  al.,	  1992,	  1993;	  Stevens	  et	  al.,	  1997;	  Calvari	  and	  
Pinkerton,	  1999;	  Polacci	  and	  Papale,	  1999).	  The	  artificial	  basin	  created	  to	  protect	  Zafferana	  Etnea	  quickly	  filled	  up	  and	  on	  April	  7th	  the	  first	  lava	  
overflowed	  over	  the	  crest.	  During	  the	  following	  days	  lava	  began	  to	  spill	  down	  the	  steep	  slope	  above	  Zafferana	  Etnea	  covering	  more	  than	  1km	  in	  
∼5	  days.	  At	  least	  six	  small	  earth	  barriers	  were	  hastily	  erected	  to	  contrast	  the	  advance	  of	  the	  lava,	  but	  none	  of	  them	  was	  successful.	  On	  April	  14th	  
lava	  overflowed	  the	  last	  barrier	  erected	  at	  780	  m	  a.s.l.	  	  ∼1.5	  km	  from	  the	  evacuated	  center	  of	  Zafferana	  Etnea	  (Smithsonian	  Inst.,	  1991	  -­‐	  1993).	  	  
After	  the	  unsuccessful	  attempts	  to	  divert	  or	  stem	  the	  flow	  by	  earthen	  barriers,	  Civil	  Protection	  tried	  to	  arrest	  the	   lava	  by	  dropping	  concrete	  
blocks	   into	  some	  “skylights”	  opened	  in	  the	  roof	  of	  the	  main	   lava	  tube	  in	  the	  upper	  Valle	  del	  Bove,	  near	  Portella	  Calanna	  and	  in	  Val	  Calanna.	  
Unfortunately	  neither	  the	  concrete	  blocks	  arrested	  the	  flow;	  as	  a	  final	  attempt	  Civil	  Protection	  authorities	  decided	  to	  use	  explosives	  to	  blast	  a	  
hole	  in	  the	  lava	  tube	  and	  to	  force	  the	  lava	  into	  an	  artificial	  channel.	  	  Main	  blasting	  operations	  were	  carried	  out	  on	  May	  27th	  when	  fortunately	  
the	  lava	  was	  successfully	  diverted	  into	  the	  artificial	  dug	  channel	  interrupting	  the	  supply	  to	  the	  front	  of	  the	  flow.	  If	  it	  is	  true	  that	  the	  lava	  flow	  
stopped	  after	  the	  blasting	  operations	  this	  was	  probably	  largely	  due	  to	  the	  gradually	  waning	  of	  lava	  effusion	  rate	  that	  markedly	  decreased	  on	  
June	   1992	   (Barberi	   et	   al.,	   1993).	   	   Since	   the	   summer	   of	   A.D.	   1992	   all	   lavas	   accumulated	   in	   the	   upper	   part	   of	   Piano	   del	   Trifoglietto	   and	   Val	  
Calanna	  reaching	  a	  total	  thickness	  of	  more	  than	  100	  m.	  	  
Effusive	  activity	  lasted	  until	  March	  30th	  1993	  covering	  a	  time	  span	  of	  473	  days	  and	  emitting	  less	  than	  1·∙106	  m3	  of	  pyroclasts	  and	  ∼	  230·∙	  106	  m3	  of	  
lava	  spread	  over	  7.6	  km2.	  The	  A.D.	  1991	  –	  1993	  flank	  eruption	  is	  the	  longest	  and	  the	  largest	  flank	  eruption	  at	  Etna	  since	  A.D.	  1669.	  The	  magma	  
withdrawal	  from	  the	  central	  conduit	  system	  of	  Mt	  Etna	  due	  to	  this	  vast	  flank	  eruption	  led	  to	  major	  collapses	  at	  BN	  and	  NEC	  (Allard	  et	  al.,	  2006).	  
Nonetheless	  the	  eruption	  was	  generally	  characterized	  by	  a	  fairly	  low	  effusion	  rate	  of	  5-­‐6	  m3/s,	  some	  relative	  high	  peak	  rates	  up	  to	  30	  m3/s	  were	  
recorded	  (Tanguy	  et	  al.,	  1996;	  Stevens	  et	  al.,	  1997;	  Branca	  and	  Del	  Carlo,	  2004;	  Harris	  et	  al.,	  2011).	  	  
A.D.	  1995-­‐2001	  central	  craters	  eruptions	  –	  Sample	  C1999	  RM	  
After	  the	  vast	  A.D.	  1991	  –	  1993	  eruption	  central	  craters	  activities	  were	  characterized	  by	  a	  continuous	  degassing,	  sporadic	  ash	  emissions	  and	  
Strombolian	   explosions	   that	   became	  more	   frequent	   between	   late	   July	   1995	   foreshadowing	   a	   new	  eruptive	   phase	   (Bonaccorso	   et	   al.,	   1997;	  
Coltelli	  et	  al.,	  1998b).	  On	  November	  9th	  1995	  the	  first	  of	  several	  paroxysmal	  episodes	  occurred	  at	  NEC,	  BN,	  SEC	  and	  VOR	  marked	  the	  beginning	  
of	   a	   new	   long-­‐lasting	   eruptive	   cycle.	   Vigorous	   strombolian	   explosions,	   intense	   lava	   fountaining	   and	   strong	   ash-­‐emission	   related	   outbursts	  
characterized	  this	  eruptive	  phase.	  	  
A.D.	  1995	  -­‐	  2001	  central	  craters	  activity	  produced	  more	  than	  100·∙106	  m3	  of	  lava	  and	  over	  30·∙106	  m3	  of	  pyroclasts	  leading	  significant	  problem	  to	  
roads	  and	  air	  traffic	  (Guffanti	  et	  al.,	  2009).	  Lava	  effusion	  rate	  was	  extremely	  irregular	  ranging	  from	  ∼	  1m3/s	  for	  SEC	  (late	  1996	  and	  July	  1998)	  to	  
over	  250	  m3/s	  during	  the	  paroxysmal	  episodes	  of	  December	  23rd	  1995	  (NEC),	  July	  22nd	  1998	  and	  September	  4th	  1999	  	  (at	  VOR)	  (Calvari	  et	  al.,	  
2003;	  Lautze	  et	  al.,	  2004;	  Behncke	  et	  al.,	  2006;	  Bonaccorso	  et	  al.,	  2011b).	  For	  a	  detailed	  description	  of	  most	  the	  events	  occurred	  during	  this	  




A.D.	  2001	  southern	  and	  northeastern	  flanks	  eruption	  –	  Sample	  2001	  RM13	  
The	  first	  flank	  eruption	  of	  the	  third	  millennium	  was	  also	  considered	  as	  one	  of	  the	  most	  complex	  eruptive	  events	  in	  the	  past	  few	  centuries.	  First	  
of	  all	  it	  was	  not	  only	  a	  flank	  eruption	  because	  summit	  activity	  occurred	  as	  well	  and	  second,	  activity	  simultaneously	  onset	  from	  seven	  different	  
fissure	  systems	  located	  both	  on	  the	  S	  and	  NE	  flanks	  of	  the	  volcano	  (Bonaccorso	  et	  al.,	  2002;	  Taddeucci	  et	  al.,	  2002;	  Behncke	  and	  Neri,	  2003b;	  
Lanzafame	  et	  al.,	  2003;	  Calvari	  and	  Pinkerton,	  2004;	  Taddeucci	  et	  al.,	  2004;	  Coltelli	  et	  al.,	  2007;	  Bonforte	  et	  al.,	  2009;	  Favalli	  et	  al.,	  2010).	  The	  
eruptive	  activity	  began	  soon	  after	  the	  last	  SEC	  paroxysmal	  episode	  at	  about	  07:00	  CET	  on	  July	  17th	  2001	  when,	  after	  a	  long	  period	  characterized	  
by	  a	  marked	  inflation	  of	  the	  volcanic	  edifice	  and	  intense	  seismicity	  with	  more	  than	  2600	  events	  recorded	  between	  July	  13th	  -­‐	  17th	  (Bonaccorso	  et	  
al.,	  2002;	  Gresta	  et	  al.,	  2005;	  Monaco	  et	  al.,	  2005;	  Saraò	  et	  al.,	  2010),	  a	  new	  fracture	  system	  opened	  at	  the	  SSE	  base	  of	  SEC	  (at	  ∼2950	  m	  a.s.l.)	  
outpouring	  lava	  from	  a	  multitude	  of	  eruptive	  mouths	  (Smithsonian	  Inst.,	  2001).	  
In	   the	   following	  days	   (July	  18th	   –	  27th)	   five	  others	  eruptive	   fracture	   systems	  opened	  along	   the	  S-­‐Rift,	  NE-­‐Rift	   zones	  and	  again	  on	  SEC	   slopes	  
showing	  different	  volcanological	  and	  geochemical	  features	  (Taddeucci	  et	  al.,	  2002;	  Acocella	  and	  Neri,	  2003;	  Behncke	  and	  Neri,	  2003b;	  Billi	  et	  
al.,	  2003;	  Lanzafame	  et	  al.,	  2003;	  Clocchiatti	  et	  al.,	  2004;	  Métrich	  et	  al.,	  2004;	  Taddeucci	  et	  al.,	  2004;	  Monaco	  et	  al.,	  2005;	  Neri	  et	  al.,	  2005;	  
Bonforte	  et	  al.,	  2009).	  	  Flank	  activity	  was	  exceptionally	  violent:	  a	  dense	  ash	  plume	  drifted	  hundreds	  kilometers	  away	  towards	  SE	  causing	  heavy	  
ashfalls	   in	  many	  cities	   located	  along	  the	  dispersion	  axis	  and	  forcing	  again	  Catania	  airport	  closure	  until	   the	  end	  of	  the	  eruption	  on	  August	  9th	  
(Taddeucci	  et	  al.,	  2002,	  2004;	  Scollo	  et	  al.,	  2007).	  	  
As	   for	  the	  A.D.	  1983	  and	  1991	  -­‐	  1993	  eruptions,	   thirteen	  earthen	  barriers	  were	  built	   to	  divert	   lava	  flow	  away	  from	  the	  tourist	   facilities	  near	  
Rifugio	   Sapienza	   (Barberi	   et	   al.,	   2003).	   Lava	   diversion	   was	   successfully	   achieved	   preserving	   most	   of	   the	   buildings	   in	   the	   area:	   the	   flow	  
descended	  southward	  causing	  damages	  only	  to	  the	  upper	  portion	  of	  Rifugio	  Sapienza	  cableway,	  to	  the	  ski	  lift	  and	  to	  the	  Strada	  Provinciale	  92	  
road	  before	  halting	  3	  km	  north	  to	  Nicolosi	  at	  an	  altitude	  of	  ∼1000	  m	  a.s.l.	  (Taddeucci	  et	  al.,	  2002;	  Behncke	  and	  Neri,	  2003b;	  Taddeucci	  et	  al.,	  
2004).	  
A.D.	  2001	  southern	   flank	  eruption	  products	  were	  characterized	  by	   the	  presence	  of	  huge	  amphibole	  crystals	   (up	  to	  10	  cm)	  and	  sedimentary,	  
metamorphic	  and	  igneous	  xenoliths	  (figg.	  13.1à13.4).	  This	   is	  quite	  rare	   in	  etnean	  products	  because	   in	  historical	  time	  were	  reported	  only	  for	  
A.D.	  1886,	  1892	  and	  1989	  SEC	  eruptions	  (Ferla	  et	  al.,	  1978;	  Clocchiatti	  and	  Métrich,	  1984;	  Michaud,	  1995;	  Smithsonian	  Inst.,	  2001;	  Viccaro	  et	  
al.,	  2007).	  	  
	   	  
	   	  
	  
During	  the	  A.D.	  201	  flank	  eruption	  ∼5.6	  ·∙	  106	  m3	  of	  pyroclasts	  and	  more	  than	  25·∙	  106	  m3	  of	  lava	  were	  emitted	  generating	  a	  complex	  lava	  flow	  
field	   extending	   for	  more	   than	  5.5	   km2	   (Behncke	   and	  Neri,	   2003b;	  Applegarth	   et	   al.,	   2010).	   Lava	   eruption	   rates	  were	   relatively	  more	  higher	  
during	  the	  first	  days	  of	  the	  eruption	  reaching	  14-­‐	  16	  m3/s	  with	  a	  mean	  effusion	  rate	  of	  12	  m3/s	  (Behncke	  and	  Neri,	  2003b).	  
3.126	  
Figures	  13.1à13.4:	  Overview	  of	  sedimentary,	  metamorphic	  and	  igneous	  xenoliths	  commonly	  found	  within	  A.D.	  2001	  products.	  
	  
13.1	   13.2	  




A.D.	  2002	  –	  2003	  northeastern	  and	  southern	  flank	  eruptions	  –	  Samples:	  2003	  RM	  and	  2003	  RM12	  
On	  October	  27th	  2002,	  few	  hours	  after	  a	  clear	  premonitory	  seismic	  event,	  two	  distinct	  fissures	  opened	  on	  the	  S	  and	  NE	  flank	  of	  Mt	  Etna.	  As	  for	  
A.D.	  2001	  eruption,	  the	  southern	  flank	  fissures	  were	  characterized	  by	  an	  ‘eccentric’	  activity	  while	  the	  northeastern	  fissure	  by	  a	  ‘normal’	  one.	  
During	  the	  first	  days	  of	  the	  eruption	  strong	  seismicity	  and	  extensive	  ground	  deformation	  (up	  to	  2	  m	  of	  horizontal	  movement)	  were	  recorded	  on	  
both	  NE	  and	  E	  flanks	  of	  the	  volcano	  causing	  significant	  damage	  to	  infrastructures	  (Acocella	  et	  al.,	  2003;	  Aloisi	  et	  al.,	  2003;	  Branca	  et	  al.,	  2003;	  
Del	  Negro	  et	  al.,	  2004;	  Gambino	  et	  al.,	  2004;	  Neri	  et	  al.,	  2004;	  Walter	  et	  al.,	  2005;	  Currenti	  et	  al.,	  2008).	  	  
A	   brief	   chronology	   of	   the	   events	   occurred	   during	   the	   eruption	   is	   given	   below:	   for	  more	   detailed	   information	   see	   Smithsonian	   Inst.	   (2002);	  
Behncke	  and	  Neri	  (2003a);	  Smithsonian	  Inst.	  (2003);	  Clocchiatti	  et	  al.	  (2004);	  Andronico	  et	  al.	  (2005);	  Neri	  et	  al.	  (2005);	  Spilliaert	  et	  al.	  (2006a).	  	  
In	  the	  early	  night	  of	  October	  27th	  lava	  started	  to	  outpour	  from	  the	  northeastern	  fracture	  opened	  along	  Pernicana	  fault	  (2500	  –	  2350	  m	  a.s.l.).	  
The	  flow	  descended	  towards	  Piano	  Provenzana	  until	  November	  5th	  destroying	  tourist	  and	  skiing	  facilities	  (Smithsonian	  Inst.,	  2002).	  	  	  On	  October	  
28th,	   about	   12	   hours	   after	   the	   end	   of	   NE	   flank	   eruption,	   the	   eruptive	   activity	   shifted	   to	   the	   southern	   slope	   of	  Mt	   Etna.	   Extremely	   strong	  
Strombolian	  explosions	  generated	  heavy	  tephra	  fallout	  in	  the	  whole	  southern	  sector	  of	  the	  volcano:	  dispersed	  ashes	  reached	  Calabria	  and	  the	  
Greek	  and	  Libyan	  coasts	  (Smithsonian	  Inst.,	  2002;	  Bertrand	  et	  al.,	  2003;	  Dellino	  and	  Kyriakopoulos,	  2003;	  Andronico	  et	  al.,	  2008b;	  Guffanti	  et	  
al.,	   2009).	   Lava	  emission	   from	   the	   southern	   fissures	   lasted	  until	  October	  30th.	   Four	  distinct	   lava	   tongues	  descended	   from	   the	  newly	   formed	  
pyroclastic	  con	  to	  the	  southwest	  (3)	  and	  to	  the	  south	  (1)	  following	  the	  A.D.	  2001	  lava	  flow	  path.	  	  
The	   latter	  one	   reached	   the	  area	  of	  Rifugio	  Sapienza	  destroying	   few	   tourist	   facilities	   (‘Rifugio	  K’	   tourist	  office	  and	   ‘Esagonal’	   restaurant)	  and	  
cutting	  the	  Strada	  Provinciale	  92	  road	  on	  December	  16th	  (Smithsonian	  Inst.,	  2002).	  During	  the	  whole	  eruptive	  activity	  summit	  craters	  remained	  
in	  a	  state	  of	  relative	  calm	  emitting	  whitish	  vapors	  with	  sporadic	  juvenile	  components.	  Total	  volume	  of	  products	  emitted	  was	  more	  than	  38·∙	  106	  
m3	  of	   lava	  and	  ∼40-­‐50	   ·∙106	  m3	  of	  pyroclasts	  making	  this	  one	  of	   the	  most	  explosive	  eruption	  of	  Etna	  of	   the	  past	  350	  years	   (Clocchiatti	  et	  al.,	  
2004;	  Andronico	  et	  al.,	  2005).	  Lava	  effusion	  rate	  ranges	  from	  10-­‐15	  m3/s	  for	  the	  northeastern	  fracture	  to	  2.2	  –	  4.9	  m3/s	  for	  the	  southern	  one.	  	  
A.D.	  2006	  SEC	  and	  eastern	  flank	  eruption	  –	  Sample	  2006	  
A.D.	  2006	  eruption	  can	  be	  divided	  into	  two	  distinct	  phases:	  
The	  first	  phase	  began	  on	  July	  14th	  2006	  at	  23:35	  CET	  when,	  after	  a	  quiescent	  period	  of	  about	  16	  months,	  two	  new	  eruptive	  vents	  opened	  on	  the	  
eastern	  flank	  of	  SEC	  at	  ∼	  3050	  m	  a.s.l.	  In	  the	  early	  morning	  of	  July	  15th	  a	  third	  eruptive	  vent	  opened	  at	  the	  top	  of	  the	  fissure	  at	  an	  altitude	  of	  
about	  3100	  m	  a.s.l.	  Mild	  strombolian	  activity	  quickly	  onset	  building	  a	  30m	  high	  cinder	  cone;	  ejected	  pyroclasts	  fed	  reomorphic	  lava	  that	  began	  
to	  flow	  downslope.	  	  Effusive	  activity	  continued	  until	  the	  evening	  of	  July	  19th	  when,	  after	  a	  minor	  collapse	  of	  the	  newly	  formed	  cone,	  explosive	  
activity	  quickly	  resumed.	  During	  this	  phase	  emission	  rate	  increased	  from	  5	  m3/s	  up	  to	  10	  m3/s	  leading	  to	  lava	  fountaining	  on	  July	  20th	  (Behncke	  
et	  al.,	  2009).	  Activity	  slightly	  decreased	  until	  July	  24st	  when	  the	  first	  phase	  of	  eruption	  ceased	  leaving	  a	  50	  m	  height	  scoria	  cone	  and	  a	  3	  km	  long	  
lava	  field	  inside	  Valle	  del	  Bove	  (Neri	  et	  al.,	  2006;	  Ferlito	  et	  al.,	  2010).	  	  
The	  second	  phase	  of	  2006	  activity	  began	  on	  August	  31st	  when	  several	  intracrater	  Strombolian	  explosions	  quickly	  filled	  up	  with	  pyroclasts	  both	  
SEC	  rims	  and	  the	  depression	  opened	  on	   its	  eastern	   flank	   in	   July.	  On	  September	  4th	   the	   lava	  began	  to	  overflow	  the	  cone	  rims	  and	  started	  to	  
descend	  the	  western	  rim	  of	  Valle	  del	  Bove.	  	  
Lava	   emitted	  during	   the	  A.D.	   2006	   activity	   flowed	   to	   the	   east	   into	  Valle	   del	   Bove	   and	   to	   the	   southwest	   towards	  Mt	   Frumento	   Supino.	   The	  
eastern	  lava	  flowed	  until	  the	  end	  of	  the	  eruption	  that	  occurred	  on	  December	  15th	  reaching	  a	  minimum	  altitude	  of	  ∼	  1500	  m	  a.s.l.	  inside	  Valle	  
del	  Bove	  ∼5	  km	  	  to	  the	  east	  of	  SEC	  while	  the	  southwestern	  one	  descended	  the	  central	  craters	  slopes	  west	  of	  Mt	  Frumento	  Supino	  halting	  at	  an	  
altitude	  of	  ∼	  2150	  m	  a.s.l.	  just	  south	  of	  Mt	  Pecoraro.	  The	  eruptive	  activity	  from	  the	  southwestern	  slope	  of	  SEC	  totally	  ceased	  on	  November	  27th.	  
A	  total	  volume	  of	  23	  -­‐	  26·∙	  106	  m3	  of	  magma	  was	  erupted	  during	  A.D.	  2006	  events	  with	  an	  average	  eruption	  rate	  of	  ∼2.5	  m3/s	  (Behncke	  et	  al.,	  
2008).	  	  
A.D.	  2007	  –	  2009	  SEC,	  New	  South	  East	  Crater	  birth	  and	  eastern	  flank	  eruption	  –	  Sample	  2009	  
As	  for	  the	  last	  events,	  A.D.	  2007	  –	  2009	  eruptive	  activity	  can	  be	  subdivided	  in	  two	  main	  phases:	  a	  preparatory	  recharging	  phase	  (March	  2007	  -­‐	  
April	  2008)	  and	  an	  eruptive	  phase	  (May	  2008	  -­‐	  July	  6th	  2009)	  (Bonaccorso	  et	  al.,	  2011a).	  The	  recharging	  phase	  was	  characterized	  by	  a	  marked	  
inflation	  of	  the	  volcanic	  edifice	  as	  indicated	  by	  gravimetric,	  magnetic	  and	  seismologic	  data	  (Cannata	  et	  al.,	  2009a;	  Aiuppa	  et	  al.,	  2010;	  Greco	  et	  
al.,	  2010;	  Langer	  et	  al.,	  2011).	  	  
This	  preliminary	  phase	  lasted	  until	  March	  19th	  2007	  when	  a	  small	  explosion	  was	  recorded	  from	  INGV	  surveillance	  cameras.	  	  
In	  the	  early	  night	  of	  April	  11th	  a	  mild	  explosive	  activity	  characterized	  by	  lava	  fountains	  took	  place	  at	  SEC.	  Two	  lava	  flows	  began	  to	  outpour	  from	  
two	  distinct	  fracture	  systems	  opened	  on	  the	  southeastern	  and	  southern	  flank	  of	  SEC.	  The	  flows	  reached	  the	  base	  of	  Serra	  Giannicola	  Grande	  
into	  Valle	  del	  Bove	  and	  the	  roots	  of	  Mt	  Frumento	  Supino	  on	  the	  southern	  flank	  of	  Mt	  Etna	  respectively.	  	  The	  eruptive	  activity	  lasted	  only	  few	  
hours;	   in	   the	   early	  morning	   INGV	   staff	   reached	   the	   front	   of	   the	   flows	   and	   noticed	   that	   they	  were	   completely	   still.	   Fire	   fountaining	   activity	  
restarted	  in	  the	  afternoon	  of	  April	  29th	  when	  strong	  explosion	  were	  accompanied	  again	  by	  lava	  emissions.	  Lava	  began	  to	  flow	  into	  the	  fissure	  on	  
the	  southeastern	  flank	  opened	  in	  November	  2006.	  A	  very	  similar	  episode	  occurred	  again	  on	  May	  7th	  when	  the	  eruptive	  activity,	  characterized	  




In	  the	  second	  half	  of	  August	  several	  ash-­‐emission	  related	  explosion	  and	  weak	  Strombolian	  activity	  (August	  28th)	  occurred	  again	  at	  the	  eruptive	  
fissures	  opened	  on	  southeastern	  flank	  of	  SEC	  foreshadowing	  an	  imminent	  unrest	  of	  the	  eruptive	  activity.	  Just	  a	  week	  later,	  in	  the	  afternoon	  of	  
September	  4th,	  a	  sustained	  lava	  fountain	  rose	  up	  to	  500	  m	  above	  the	  SEC	  generating	  a	  dense	  cloud	  that	  was	  blown	  towards	  the	  east	  forcing	  
again	   the	   closure	   of	   Catania	   airport.	   Lava	   overflowed	   both	   the	   eastern	   and	   southeastern	   rims	   of	   SEC	   forming	   three	   distinct	   tongues	   that	  
coalesced	  together	  and	  descended	  the	  western	  slope	  of	  Valle	  del	  Bove	  reaching	  a	  maximum	  distance	  of	  ∼	  4.5	  km	  from	  the	  vent.	  The	  eruption	  
lasted	  for	  ∼12	  hours	  completely	  ceasing	  at	  about	  05:00	  CET	  on	  September	  5th	  (Andronico	  et	  al.,	  2008a).	  
New	  South	  East	  Crater	  birth	  
Ash	  emissions	  occurred	  again	  in	  the	  following	  months	  until	  the	  early	  morning	  of	  November	  22nd	  when	  strong	  Strombolian	  explosion	  restarted	  
from	  the	  fissures	  opened	  on	  SEC	  southeastern	  slope.	  During	  the	  night	  of	  November	  23rd	  –	  24th	  (20:30	  –	  02:30	  CET)	  the	  eruptive	  activity	  quickly	  
increased	   in	   intensity	   leading	   to	   some	   spectacular	   lava	   fountains	   that	   rose	   up	   to	   600	   m	   above	   the	   new	   pyroclastic	   cone	   formed	   on	   SEC	  
southeastern	  flank.	  This	  new	  pyroclastic	  cone	  was	  subsequently	  named	  New	  South	  East	  Crater	  (NSEC).	  
The	  dense	  and	  dark	  ash	  cloud	  was	  widespread	  to	  the	  northwest	  towards	  Messina	  reaching	  the	  Calabrian	  coast.	  	  
Lava	  began	  to	  outpour	  from	  NSEC	  rims	  flowing	   into	  Valle	  del	  Bove	  following	  the	  same	  path	  of	  the	  previous	   lavas	  halting	  ∼500	  m	  before	  the	  
front	  of	  September	  4-­‐5th	  flow.	  This	  event	  lasted	  a	  bit	   longer	  with	  respect	  to	  the	  other	  eruptive	  episodes	  ceasing	  at	  ∼04:00	  of	  November	  24th	  
after	  ∼36	  hours	  of	  activity.	  Ash	  emissions	  from	  NSEC	  occurred	  sporadically	  until	  the	  end	  of	  April	  2008	  when	  explosions	  became	  more	  frequent	  
foreshadowing	  a	  new	  imminent	  paroxysm.	  
Eastern	  flank	  eruption	  
In	   the	   afternoon	  of	   10th	  May	  2008,	   after	   a	   significant	   increase	  of	   volcanic	   tremor	   (Cannata	   et	   al.,	   2009b;	   Langer	   et	   al.,	   2011),	   an	  unusually	  
violent	  eruption	  started	  at	  NSEC	  producing	  powerful	  lava	  fountains	  that	  generate	  a	  few	  kilometers	  high	  dense	  eruptive	  column.	  Pyroclasts	  were	  
widespread	  towards	  the	  north	  and	  northeastern	  sector	  of	  the	  volcano.	  Sustained	  lava	  fountaining	   lasted	  for	  ∼4	  hours	  feeding	  a	  modest	   lava	  
field	   that	  extended	   to	   the	  east	   reaching	  a	   total	   length	  of	  ∼	   6.4	  km.	  Estimated	   total	   volume	  of	  products	  emitted	  during	   this	  event	  was	  ∼1.6	  
·∙106m3	  (Bonaccorso	  et	  al.,	  2011c).	  	  
This	   paroxysm	   foreshadowed	   the	  major	   flank	   eruption	   that	   started	   in	   the	  morning	   of	  May	   13th	   2008	  when	   stresses	   probably	   generated	   by	  
dyke/dykes	  emplacement	  provoked	  the	  opening	  of	  a	  kilometric	  NW-­‐SE	  trending	  fracture	  on	  the	  upper	  eastern	  flank	  of	  the	  NEC	  from	  3050	  to	  
2620	  m	  a.s.l.	  (Aloisi	  et	  al.,	  2009;	  Cannata	  et	  al.,	  2009b;	  Di	  Grazia	  et	  al.,	  2009).	  Lava	  started	  to	  rise	  from	  the	  upper	  portion	  of	  the	  fracture	  (3050	  –	  
2950	  m	  a.s.l.)	   generating	   lava	   fountains	   and	   feeding	  a	  new	   lava	   flow	   that	  descended	   into	  Valle	  del	  Bove	  halting	   at	   the	   roots	  of	  Mt	   Simone	  
(∼2000	  m	  a.s.l.).	  At	  the	  end	  of	  July	  the	  flows	  reached	  a	  minimum	  altitude	  of	  ∼1300	  m	  a.s.l.	  and	  a	  maximum	  length	  of	  6.4	  km	  (Smithsonian	  Inst.,	  
2008,	  2011).	  In	  the	  following	  days	  magma	  supply	  decreased	  and	  the	  drainage	  of	  the	  main	  feeder	  dyke	  provoked	  a	  partial	  collapse	  of	  SEC	  rims	  
and	  the	  halting	  of	  the	  main	  lava	  front.	  Lava	  flows	  started	  to	  extend	  laterally	  forming	  a	  complex	  lava	  field	  composed	  by	  three	  main	  lobes	  and	  
several	  tubes,	  tumuli,	  etc.	  (Applegarth	  et	  al.,	  2010;	  Bonaccorso	  et	  al.,	  2011a;	  James	  et	  al.,	  2012).	  The	  NW-­‐SE	  fissure	  eruptive	  activity	  completely	  
ceased	  on	  July	  6th	  2009	  after	  almost	  14	  month	  of	  continuous	  lava	  effusion	  (INGV-­‐CT,	  2007;	  Smithsonian	  Inst.,	  2011).	  	  
Since	  the	  end	  of	  the	  A.D.	  2007	  –	  2009	  eruptive	  phase	  Mt	  Etna	  activity	  was	  characterized	  by	  gas	  emission	  from	  BN,	  VOR	  and	  NEC,	  by	  fumarolic	  
activity	  along	  the	  A.D.	  2007-­‐2009	  eruptive	  fracture	  and	  by	  deep	  explosions	  and	  very	  dilute	  ash	  and	  hot	  gas	  emissions	  from	  NSEC	  that,	  during	  















Figure	  3.153:	  April	  8th	  SEC	  explosions	  shot	  from	  INGV	  
surveillance	  cameras	  (INGV	  -­‐	  CT,	  2010b).	  
	  
A.D.	  2010	  –	  2012	  chronology	  of	  the	  events	  
During	  A.D.	  2010	  –	  2012	  we	  reported	  monthly	  updates	  of	  Mt	  Etna	  activity;	   information	  and	  photos	  came	  from	  INGV	  Catania	  weekly	  updates	  
and	  from	  direct	  observations.	  
January	  2010	  
Since	  the	  last	  episode	  of	  November	  2009,	  Mt	  Etna	  activity	  was	  characterized	  by	  an	  intensive	  degassing	  from	  Bocca	  Nuova	  and	  from	  New	  South	  
East	  Crater	  (NSEC)	  that	  usually	  shows	  a	  continuous	  blaze	  well	  visible	  at	  night	  (fig.	  13.5).	  
	  
	  
SO2	  flux	  revealed	  by	  FLAME	  network	  and	  by	  DOAS	  car-­‐borne	  technique	  ranged	  between	  3000	  t/d	  and	  10000	  t/d	  marking	  a	  slightly	  increase	  with	  
respect	  to	  December	  2009	  values	  (INGV	  -­‐	  CT,	  2009-­‐2010).	  
February	  2010	  
All	  summit	  craters	  degassed	  continuously	  except	  NSEC	  that	  showed	  an	  intermittent	  behavior	  with	  a	  deep-­‐red	  glow	  well	  visible	  at	  night.	  SO2	  flux	  
decidedly	  increased	  with	  respect	  to	  January,	  reaching	  peaks	  of	  more	  than	  14000	  t/d	  (INGV	  -­‐	  CT,	  2010d).	  
March	  2010	  
For	  the	  first	  three	  weeks	  of	  March	  NSEC	  stopped	  blazing	  at	  night	  but	  since	  March	  18th	  
intermittent	  glares	  could	  be	  seen	  again	  (fig.	  13.6).	  An	  INGV-­‐CT	  staff	  survey	  conducted	  
on	  summit	  crater	  area	  noticed	  that	  the	  two	  eruptive	  vents	  forming	  BN	  (BN-­‐1	  and	  BN-­‐
2)	  were	  separated	  only	  by	  a	  10	  m	  high	  thin	  septa.	  SO2	  flux	  reached	  peak	  of	  5000	  t/d,	  
markedly	  lower	  than	  the	  values	  recorded	  in	  February	  (INGV	  -­‐	  CT,	  2010h).	  	  
April	  2010	  
All	  the	  five	  summit	  craters	  degassed	  continuously.	  On	  April	  2nd,	  a	  significant	  seismic	  
swarm	   (over	   200	   shocks)	   affected	   the	  N-­‐E	   sector	   of	  Mt	   Etna.	   The	  main	   shock	   (4.3	  
ML),	   recorded	  on	  22:04	  CEST,	  dealt	  significant	  damages	  to	  some	  tourist	   facilities	  at	  
Piano	  Provenzana.	  No	  significant	  variation	  of	  Etnean	  activity	  was	  recorded	  during	  or	  
after	  this	  event	  (INGV	  -­‐	  CT,	  2010b).	  	  
On	   April	   8th	   (17:51	   –	   20:28	   CEST)	   a	   series	   of	   low	   frequency	   seismic	   events	   located	  
above	  the	  central	  craters	  area	  heralded	  a	  strong	  NSEC	  explosion	  that	  produced	  a	  1km	  
high	   ash	   cloud	   that	   partially	   collapsed	   triggering	   a	   small	   pyroclastic	   flow	   that	   ran	  
downhill	  (fig.13.7).	  	  
Analyses	  performed	  by	  INGV-­‐CT	  staff	  on	  ash	  particles	  showed	  that	  were	  made	  up	  to	  
80	   wt.%	   by	   lithic	   fragments;	   only	   20	   wt.%	   are	   made	   of	   tachylite	   (12	   wt.%)	   and	  
sideromelane	   (6	   wt.%)	   (e.g.	   fresh	   volcanic	   glass).	   By	   a	   geochemical	   point	   of	   view,	  
glassy	  groundmass	  compositions	  of	  these	  products	  are	  highly	  heterogeneous:	  about	  
half	   of	   the	   analyzed	   fragments	   result	   more	   primitive	   (CaO/Al2O3<0.5	   and	  
13.5	  
Figure	  13.5:	  Frames	  from	  INGV	  surveillance	  cameras.	  In	  red	  the	  location	  of	  NSEC,	  from	  INGV	  -­‐	  CT	  (2009-­‐2010).	  
	  
13.6	  
Figure	  13.6:	  Photo	  of	  SEC	  (on	  the	  left)	  and	  NSEC	  (on	  the	  








FeOtot/MgO=3.2)	  with	  respect	  to	  the	  others	  (CaO/Al2O3	  >	  0.5	  and	  FeOtot/MgO=	  3.0)(INGV	  -­‐	  CT,	  2010b).	  
On	  April	  30th	   INGV-­‐CT	  staff	  made	  some	  direct	  observation	  in	  the	  summit	  area:	  they	  estimated	  NSEC	  diameter	  ∼	  60-­‐100	  m	  and	  up	  to	  50	  m	  in	  
depth	  (fig.	  13.8).	  
SO2	   flux	   remained	   almost	   constant	   during	   the	   whole	   month	   with	   average	   values	   similar	   to	   those	   recorded	   on	   March	   (peak	   values	   of	  
6000t/d)(INGV	  -­‐	  CT,	  2010b).	  
May	  2010	  
During	  May	  2010	  Mt	  Etna	  has	  been	  in	  a	  state	  of	  relative	  
calm	  except	  an	  ash-­‐emission	  related	  explosion	  occurred	  
at	  NSEC	  on	  May	  7th.	  Frequent	  roars	  were	  heard	  from	  the	  
summit	   crater	   area:	   	   INGV-­‐CT	   staff	   conducted	   a	   survey	  
to	  the	  summit	  crater	  area	  noting	  that	  roars	  were	  related	  
to	   the	   collapse	   of	   the	   thin	   septa	   separating	   BN1-­‐	   BN2	  
and	   VOR	   (INGV	   -­‐	   CT,	   2010g).	   SO2	   flux	   remains	   almost	  
constant	   and	   in	   line	   with	   March-­‐April	   measurements;	  
some	  high	  emission	  rate	  were	  revealed	  on	  15th,	  20th	  and	  
on	   27th	   (peaks	   up	   to	   5000	   t/d)	   whereas	   on	   8th	   FLAME	  
network	  recorded	  a	  very	  low	  value	  of	  ∼	  	  700	  t/d	  (INGV	  -­‐	  






Mt	  Etna	  showed	  no	  relevant	  explosive	  activity	  during	  June	  except	  for	  a	  
partial	  collapse	  of	  the	  northwestern	  rim	  of	  NSEC	  on	  June	  19th	  (06:22	  –	  
06:52	  CEST)	  that	  produced	  a	  moderate	  ash	  emission	  (fig.	  13.9).	  Thermal	  
images	   showed	   anomalies	   up	   to	   180°C	   indicating	   the	   presence	   of	  
juvenile	  fraction.	  SO2	  flux	  showed	  no	  relevant	  changes	  with	  respect	  to	  






White	  and	  dense	  pulsating	  steam	  puffs	  were	  occasionally	  emitted	  by	  BN	  and	  NSEC;	  on	  5th	  morning	  a	  dark	  and	  cold	  ash	  cloud	  rose	  few	  meters	  
above	  BN1,	  probably	  related	  again	  to	  a	  minor	  inner	  wall	  collapse.	  SO2	  flux	  remained	  almost	  constant	  with	  respect	  to	  the	  past	  months	  (INGV	  -­‐	  
CT,	  2010f).	  
August	  2010	  
Shortly	  before	  the	  noon	  of	  August	  8th	  a	  new	  intracrater	  collapse	  occurred	  at	  BN-­‐1	  releasing	  a	  small	  cold	  ash	  cloud.	  On	  August	  25th	  –	  26th	  four	  
strong	   explosions	   occurred	   at	   BN-­‐1:	   a	   dark	   and	   warm	   (∼170°C)	   ash	   cloud	   rose	   up	   to	   1-­‐2	   km	   above	   the	   summit	   cone	   before	   being	   blown	  
southeastward	  towards	  Catania.	  As	  for	  the	  last	  events	  ash	  composition	  was	  characterized	  by	  an	  irrelevant	  juvenile	  fraction	  (∼2	  wt.%).	  	  





Figure	   13.9:	   June	   19th	   NSEC	   ash	   emission.	   Shot	   from	   INGV	   surveillance	  




Figure	  13.12:	  November	  14th	  NEC	  ash	  emission.	  Shot	  from	  INGV	  
surveillance	  camera	  (INGV	  -­‐	  CT,	  2010i).	  
Since	  August	  25th	  several	  others	  minor	  ash	  emission	  events	  occurred	  at	  BN-­‐1,	  NEC	  and	  NSEC	  releasing	  hot	  fumarolized	  material	  (fig.	  13.10).	  SO2	  
flux	  remained	  almost	  constant	  with	  respect	  to	  July	  (INGV	  -­‐	  CT,	  2010a).	  
	  






As	  well	  as	  toward	  the	  end	  of	  August,	  isolated	  BN-­‐1	  (on	  17th	  and	  24th)	  and	  NSEC	  (on	  18th)	  explosions	  usually	  accompanied	  by	  cold	  ash	  emissions,	  
occurred	   throughout	   September.	   Since	   the	   second	   half	   of	   September	   SO2	   emissions	   and	   HCl	   and	   HF	   concentration	   decidedly	   increase	  







Ash	   and	   gas	   emissions	   from	   BN-­‐1	   and	   NSEC	   continued	   during	  
October;	   the	  most	   relevant	   episode	   occurred	   on	   7th	   at	   11:27	   CEST	  
when	  seismic	  and	  infrasound	  monitoring	  stations	  recorded	  a	  strong	  
explosion	  from	  BN-­‐1	  that	  produced	  again	  a	  minor	  cold	  ash	  emission.	  
Two	  others	  small	  ash-­‐emission	  events	  were	  recorded	  on	  22nd	  (17:22	  
CET)	   and	   on	   31st	   October	   (16:33	   CET)	   but,	   unfortunately,	   no	  
compositional	  data	  on	  emitted	  products	  were	  collected	  (fig.	  13.11).	  
Vigorous	  gas	  emissions	  and	  deep	  explosions	  continued	  from	  NEC	  and	  
NSEC.	  SO2	  emissions	  fluctuated	  very	  in	  October	  reaching	  peak	  values	  





Since	   November	   12th	   there	  was	   a	  marked	   increase	   of	   NEC	   activity:	  
frequent	  ash	  and	  vapor	  emissions	  were	  recorded	  at	   intervals	  of	  1-­‐2	  
minutes	   each	   other’s.	   From	   14th	   morning	   until	   the	   night	   of	   15th	  
several	  dark	  plumes	  rose	  few	  hundred	  meters	  above	  NEC	  depositing	  
few	  millimeters	  of	  juvenile	  poor	  ash	  (fig.	  13.12)	  (INGV	  -­‐	  CT,	  2010i).	  
SO2	   flux	   remains	   almost	   constant	   during	   the	  whole	  month.	   Intense	  
gas	   emissions	   continued	   from	   BN-­‐1	   and	   NSEC	   where,	   again,	   small	  
vent	   enlargement	   ash-­‐emission	   explosions	   occur	   on	   November	   1st,	  





During	   the	   first	   three	  weeks	   of	   December	   Etna	   experienced	   a	   very	  
calm	   state.	   On	   December	   22nd	   at	   05:46	   CET	   a	   vigorous	   explosion	  
occurred	  at	  BN-­‐1	  releasing	  a	  small	  hot	  ash	  plume	  that	  was	  suddenly	  
dispersed	   towards	   the	   northeast	   (fig.	   13.13).	   Petrographic	   and	  
13.10	  
Figure	  13.10:	  August	  25th	  BN-­‐1	  ash	  emission.	  Shots	  from	  INGV	  surveillance	  camera	  (INGV	  -­‐	  CT,	  2010a).	  
13.11	  
Figure	  13.11:	  October	  22nd	  BN-­‐1	  ash	  emission.	  Shot	  from	  INGV	  surveillance	  





geochemical	  analyses	  on	  collected	  ash	  samples	  revealed	  an	  high	  lithic	  fraction	  (up	  to	  88%).	  Juvenile	  glass	  compositions	  were	  quite	  similar	  to	  
April	  2010	  event	  (CaO/Al2O3	  =	  0.48	  -­‐	  0.53	  and	  FeOtot/MgO=	  2.7-­‐3.5)	  (INGV	  -­‐	  CT,	  2010c).	  	  
Since	   December	   23rd	   afternoon	   to	   the	   end	   of	   December	   hot	   gas	   was	   intermittently	   emitted	   by	   NSEC.	   Both	   SO2	   flux	   and	   HCl	   and	   HF	  








1st	  and	  2nd	  paroxysms	  
2011	  started	  as	  well	  as	  2010	  finished	  with	  NSEC	  showing	  signals	  of	  an	  imminent	  unrest.	  
On	  January	  2nd	  activity	  suddenly	  unrest:	  mild	  Strombolian	  explosions	  started	  at	  21:26	  CET	  and	  lasted	  until	  the	  night	  of	  January	  3rd.	  Explosions	  
occurred	  with	  a	  period	  of	  1	  to	  3	  minutes;	  the	  ejected	  material	  reached	  few	  tens	  of	  meters	  in	  height	  usually	  falling	  within	  the	  crater	  rims	  (fig.	  
13.14).	   Strombolian	  activity	   suddenly	   ceased	  on	   January	  3rd	   leading	  only	  hot	   gas	   intermittent	   emission	  until	   January	  11th	  when	  Strombolian	  




In	  the	  afternoon	  of	  January	  12th	  (at	  21:10	  CET),	  vigorous	  Strombolian	  explosions	  fed	  a	  lava	  that	  slowly	  started	  to	  descend	  the	  western	  rim	  of	  
Valle	   del	   Bove	   reaching	   the	   bottom	  of	   the	   valley	   at	  ∼22:30	   CET	   (fig.	   13.15).	   At	   22:50	   CET	   the	   activity	   shifted	   to	   sustained	   lava	   fountaining	  
feeding	  a	  new	  surge	  of	  lava	  that	  overrode	  the	  previous	  one	  descending	  towards	  Valle	  del	  Bove.	  
	  
13.13	  
Figure	  13.13:	  December	  22nd	  BN-­‐1	  ash	  emission.	  Shot	  from	  INGV	  surveillance	  camera	  (INGV	  -­‐	  CT,	  2010c).	  
13.14	  







Soon	   after	  midnight	   lava	   fountains	   quickly	   decreased	   their	   heights	   and	   the	   fountaining	   became	   pulsating;	   at	   the	   same	   time	   the	   lava	   flow	  
stopped	  its	  descent	  halting	  at	  the	  eastern	  roots	  of	  Mt	  Centenari,	  ∼4.5	  km	  from	  the	  NSEC	  (fig.	  13.16).	  The	  end	  of	  the	  activity	  was	  marked	  by	  few	  




Scoriae	   glass	   composition	  was	  more	   or	   less	   similar	   to	  April	   8th	   2010	   SEC	   and	  December	   22nd	   BN-­‐1	   product.	  More	   interestingly	   January	   12th	  
glasses	  were	  more	   primitive	   (CaO/Al2O3	   =	   0.53	   and	   FeOtot/MgO=	   2.89)	  with	   respect	   to	   those	   erupted	   on	   January	   2
nd	   (CaO/Al2O3	   =	   0.5	   and	  
FeOtot/MgO=	  3.36).	  	  
SO2	  flux	  didn’t	  show	  relevant	  changes	  except	  for	  very	  high	  values	  (7000	  t/d)	  recorded	  on	  January	  17





During	  the	  first	  half	  of	  the	  month	  weak	  degassing	  marked	  etnean	  activity.	  Several	  short-­‐lived	  ash	  emissions	  occurred	  on	  February	  7th	  by	  NSEC.	  






Figure	  13.15:	  January	  12th	  SEC	  Strombolian	  activity,	  from	  INGV	  -­‐	  CT	  (2011e).	  
Figure	  13.16:	  January	  12th	  -­‐	  13th	  lava	  flows	  (IR	  and	  visible	  light),	  from	  INGV	  -­‐	  CT	  (2011e).	  
13.17	  





Extremely	  poor	  weather	  conditions	  hampered	  direct	  observation	  during	  the	  first	  hours	  of	  activity	  but	  since	  13:31	  CET	  a	  new	  lava	  flow	  became	  
visible	  on	  INGC-­‐	  CT	  cameras.	  The	  lava	  followed	  the	  same	  path	  of	  the	  January	  flow	  halting	  in	  Valle	  del	  Bove,	  at	  1800	  m	  a.s.l.,	  just	  north	  of	  Mts.	  
Centenari	   (fig.	   3.165	   –	   3.166).	   In	   the	   afternoon	   the	   Strombolian	   explosions	   shifted	   to	   pulsating	   lava	   fountaining	   that	   roughly	   decreased	   in	  
intensity	  until	  all	  activity	  ceased	  at	  14:17	  CET	  (INGV	  -­‐	  CT,	  2011d).	  	  
SO2	   flux	   were	   similar	   to	   those	   recorded	   on	   January,	   having	   recordered	   peak	   values	   up	   to	   7000t/d.	   HCl	   and	   HF	   concentrations	   increased	  




During	  the	  whole	  month	  Mt	  Etna	  did	  not	  show	  any	  relevant	  activity	  except	  for	  the	  29th	  morning	  when	  small	  gas-­‐and-­‐ash	  explosions	  rhythmically	  
occurred	  within	  NSEC;	  thermal	  images	  showed	  that	  no	  significant	  juvenile	  fraction	  was	  emitted.	  	  















An	  ongoing	  increase	  in	  seismic	  activity	  continued	  until	  April	  9th	  when	  at	  around	  20:00	  CEST,	  a	  new	  lava	  began	  to	  overflow	  advancing	  on	  the	  top	  
of	  February	  18th	  one	  (fig.	  13.20).	  	  
In	  the	  morning	  of	  April	  10th	  Strombolian	  activity	  shifted	  to	  vigorous	  lava	  fountaining	  that	  generated	  a	  2	  km	  high	  eruptive	  column.	  The	  activity	  
began	  to	  wane	  since	  15:10	  CEST	  when	  only	  small	  intermittent	  jets	  were	  observed;	  in	  this	  final	  phase	  a	  new	  eruptive	  vent	  opened	  at	  the	  base	  of	  
13.18	  
Figure	  13.18:	  Central	  craters	  Google	  Earth	  ™	  aerial	  view.	  In	  the	  picture	  it	  is	  well	  visible	  the	  NSEC	  2011	  lava	  flows.	  
	  
13.20	  13.19	  
Figure	  13.19:	  Photos	  of	  the	  newly	  formed	  cone	  inside	  NSEC,	  from	  INGV	  -­‐	  CT	  (2011b).	  






Figure	  13.22:	  BN	  ash	  emission	  of	  25th	  June,	  from	  INGV	  -­‐	  CT	  (2011f).	  
NSEC	  and	  a	  newer	   lava	   flow	  descended	   for	  1	  km	  to	   the	   south	  of	   the	  main	   flow.	  Eruptive	  activity	  ended	  at	  about	  16:03	  CEST	  when	  emitted	  
tephra	   started	   falling	  down	   in	   several	   location	  on	   the	   lower	   southeast	   flank	  of	  Mt	  Etna.	   	  Pyroclastic	   falls	  ended	  at	  ∼19:00	  CEST	   (INGV	   -­‐	  CT,	  
2011b).	  The	  main	  lava	  flow	  reached	  2.5	  km	  in	  length	  halting	  at	  about	  1900	  m	  a.s.l.	  inside	  Valle	  del	  Bove.	  
Geochemical	  analyses	  on	  lapilli	  showed	  that	  major	  element	  composition	  were	  well	  comparable	  with	  those	  emitted	  on	  February	  18th	  (CaO/Al2O3	  
=	  0.52	  -­‐	  0.54	  and	  FeOtot/MgO	  =3.2).	  SO2	  flux	  and	  both	  HCl	  and	  HF	  concentration	  markedly	  increased	  with	  respect	  to	  March	  reaching	  values	  up	  to	  





In	  the	  morning	  of	  May	  8th	  mild	  Strombolian	  explosions	  restarted	  at	  NSEC.	  The	  eruptive	  activity	   increased	   in	   intensity	  until	  May	  11th	  at	  20:30	  
CEST	  when	  a	  lava	  overflowed	  the	  eastern	  rim	  of	  the	  crater.	   In	  the	  night	  of	  May	  12th	  (03:20	  CEST)	  the	  activity	  shifted	  to	  lava	  fountaining	  that	  
produced	  a	  3km	  high	  dense	  eruptive	  column.	  Ashes	  reached	  Fontanarossa	  International	  Airport	  south	  of	  Catania	  leading	  to	  the	  interruption	  of	  
air	  traffic	  for	  the	  whole	  day	  (fig.	  13.21).	  The	  activity	  ceased	  shortly	  before	  06:00	  CEST.	  
The	  main	  lava	  flow	  split	  into	  two	  branches	  that	  travelled	  parallel	  each	  other	  until	  the	  western	  rim	  of	  Valle	  del	  Bove	  where	  they	  coalesced	  into	  
one	  reaching	  a	  minimum	  altitude	  of	  2000	  m	  a.s.l.	  	  and	  covering	  the	  flows	  previously	  emitted	  (INGV	  -­‐	  CT,	  2011h).	  
Geochemical	  and	  petrographical	  analyses	  performed	  on	   lapilli	  and	  ash	  collected	  during	  the	  May	  12th	  paroxysm	  showed	  that	  they	  were	  more	  
primitive	   with	   respect	   to	   those	   emitted	   in	   April	   (CaO/Al2O3	   =	   0.52	   and	   FeOtot/MgO=	   3.1)	   although	   they	   well	   correlate	   with	   2010-­‐2011	  
compositions.	  SO2	  flux	  remained	  relatively	  high	  showing	  values	  greater	  than	  5000	  t/d	  and	  reaching	  an	  exceptional	  value	  of	  20000	  t/d	  on	  May	  





















Since	  the	  early	  morning	  of	  June	  14th	  several	  explosions	  started	  at	  BN	  generated	  a	  
dense	   ash	   cloud	   rose	   that	   up	   to	   few	  hundred	  meters	   over	   the	   crater.	   Explosive	  
activity	   continued	   throughout	   the	  month	   until	   the	   first	   week	   of	   July.	   The	  most	  
relevant	  events	  occurred	  on	  June	  22nd,	  23rd	  and	  25th	  when	  ashes	  were	  widespread	  
southward	  reaching	  Catania	  (fig.	  13.22).	  	  
Gas	   fluxes	   and	   compositions	   oscillated	   throughout	   the	   month	   but	   no	   relevant	  
variations	  were	  recorded	  except	   for	  some	  high	  values	  up	  to	  11000	  t/d	   (June	  1st)	  
























6th	  to	  9th	  paroxysms	  
During	   July	   four	   paroxysmal	   events	   occurred	   at	   NSEC	   and	   mild	   explosive	  
Strombolian/	   effusive	   intra-­‐crater	   activity	   inside	   BN.	   This	   was	   the	   first	   significant	  
magmatic	  activity	  since	  10	  years	  from	  this	  crater.	  
Strombolian	   explosions	   occurred	   at	   NSEC	   since	   5th	   night	   to	   8th	   morning	   when	  
explosive	   activity	   suddenly	   ceased.	   Meanwhile	   frequent	   ash	   emissions	   and	  
Strombolian	   explosions	   occurred	   within	   BN;	   in	   these	   events	   pyroclasts	   were	  
launched	  up	  to	  100	  m	  falling	  back	  inside	  the	  crater	  (fig.	  13.23).	  	  
During	  a	  NSEC	  summit	  survey	  carried	  out	  by	  INGV-­‐CT	  staff	  on	  July	  15th,	  a	  small	  lava	  
flow	  was	  observed	  moving	  down	  in	  the	  central-­‐western	  portion	  of	  the	  crater	  floor.	  
In	   the	   following	   day	   the	   activity	   progressively	  waned	   and	   only	   sporadic	   small	   hot	  
ash	   emissions	  were	   recorded	   by	   La	  Montagnola	   thermal	   camera	   on	   July	   28th	   and	  
29th	  (INGV	  -­‐	  CT,	  2011g).	  In	  the	  morning	  of	  July	  9th	  at	  08:00	  CEST	  (58	  days	  before	  the	  
paroxysm	   of	   May	   12th),	   NSEC	   activity	   quickly	   resumed	   and	   rapidly	   increase	   in	  
magnitude.	  At	  13:15	  CEST	  a	  new	  lava	  flow	  reached	  the	  eastern	  rim	  of	  the	  crater	  and	  
started	   to	   descend	   towards	   the	   western	   slope	   of	   Valle	   del	   Bove.	   Contemporaneously	   the	   activity	   shifted	   into	   sustained	   lava	   fountaining	  




On	  July	  16th	  loudly	  roars	  were	  heard	  from	  NSEC:	  a	  succession	  of	  ash	  emission	  explosions	  heralded	  the	  resumption	  of	  a	  mild	  Strombolian	  activity	  
that	  continued	  on	  the	  next	  days.	  On	  July	  19th,	  soon	  after	  midnight,	  lava	  overflowed	  the	  eastern	  crater	  rim	  and	  started	  to	  descend	  towards	  Mt	  
Centenari	   (fig.	  13.25).	  At	   the	  same	  time	  a	  dense	  ash	  and	  gas	  cloud	  reached	  up	  to	  2km	   in	  height.	  Lava	   fountaining	  started	  to	  wane	  at	  about	  
04:30	  CEST;	  activity	  completely	  ended	  around	  05:00	  CEST	  (INGV	  -­‐	  CT,	  2011g).	  	  
In	  the	  evening	  of	  July	  24th	  several	  vigorous	  Strombolian	  explosions	  occurred	  again	  from	  NSEC.	  The	  activity	  growth	  in	  intensity	  through	  the	  night	  
when,	  at	  about	  03:30	  CEST,	  lava	  began	  to	  overflow	  from	  the	  crater	  rim	  following	  the	  same	  paths	  of	  the	  lasts	  flows	  (fig.	  13.26).	  Just	  one	  hour	  
later	  the	  Strombolian	  activity	  shifted	  into	  pulsating	   lava	  fountaining	  which	  produced	  a	  few	  hundred	  meters	  eruptive	  column.	  As	  recorded	  by	  
INGV-­‐CT	  surveillance	  cameras,	  eruptive	  activity	  ended	  in	  the	  early	  morning	  of	  July	  25th	  (INGV	  -­‐	  CT,	  2011g).	  
On	  July	  30th,	  at	  about	  10:00	  CEST,	  weak	  Strombolian	  explosions	  occurred	  again	  from	  NSEC.	  The	  activity	  remain	  almost	  constant	  until	  19:00	  CEST	  
when	  suddenly	  shifted	  into	  sustained	  lava	  fountaining.	  Fire	  fountains	  reached	  up	  to	  500	  m	  in	  height	  provoking	  a	  modest	  ash	  fall	  in	  the	  eastern	  
sector	  of	  the	  volcano.	  Lava	  started	  to	  overflow	  from	  a	  deep	  notch	  in	  the	  eastern	  rim	  of	  NSEC	  spreading	  out	  in	  a	  fan-­‐shape	  manner	  and	  reached	  
the	  bottom	  of	  Valle	  del	  Bove	  at	  about	  23:00	  CEST	  (fig.	  13.27).	  In	  less	  than	  an	  hour	  the	  activity	  waned	  and	  completely	  ceased	  (INGV	  -­‐	  CT,	  2011g).	  	  
13.24	  
Figure	  13.23:	  July	  7th	  NSEC	  ash	  emission	  seen	  from	  the	  
lower	  western	  flank.	  








Groundmass	   glass	   composition	   showed	   an	   average	   composition	   very	   close	   to	   those	   of	   May	   12th	   products	   (CaO/Al2O3	   =	   0.49	   -­‐	   0.52	   and	  
FeOtot/MgO	   =3.04	   –	   3.06).	   More	   interestingly	   glasses	   belonging	   to	   July	   25
th	   and	   31st	   eruptive	   events	   showed	   a	   slightly	   more	   evolved	  
composition	  (CaO/Al2O3	  =	  0.49	  and	  FeOtot/MgO	  =	  3.04	  –	  3.06)	  with	  respect	  to	  July	  7
th	  and	  9th	  products.	  	  
Although	  high	  SO2	  emissions	  up	  to	  9000	  t/d	  were	  recorded	  in	  July,	  both	  emission	  rates	  and	  gas	  compositions	  (HF,	  HCl)	  remain	  nearly	  constant	  




10th	  to	  13th	  paroxysms	  
Just	   six	   days	   after	   the	   last	   paroxysm,	   in	   the	   late	   afternoon	   of	   August	   5th	   Strombolian	   activity	   suddenly	   resumed	   from	   NSEC	   without	   any	  
foreshadowing	   activity	   in	   the	   past	   days	   as	   typically	   happened	   for	   the	   lasts	   events	   (fig.	   13.28).	   Later	   in	   the	   night,	   since	   around	   22:30	   CEST,	  
Strombolian	  explosions	  gave	  way	  to	  lava	  fountaining	  that	  reached	  up	  to	  500	  m	  in	  height	  and	  caused	  ash	  fallout	  in	  many	  locations	  situated	  on	  
the	  south-­‐eastward	  flank	  of	  Mt	  Etna.	  	  At	  the	  same	  time	  a	  lava	  overflowed	  the	  crater	  rims	  and	  started	  to	  expand	  downslope	  in	  several	  lobes.	  The	  
explosive	  activity	  ended	  on	  August	  6th	  at	  about	  2:15	  CEST	  (INGV	  -­‐	  CT,	  2011a).	  
	  
13.25	   13.26	  
13.26	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Figures	  13.25	  à13.27:	  Photos	  of	  the	  July	  16th	  –	  19th,	  24th	  –	  25th	  and	  30th	  
paroxysms	  respectively,	  from	  INGV	  -­‐	  CT	  (2011g).	  
Figures	   13.28:	   Evolution	   of	   the	   August	   5th	   –	   6th	  
paroxysm.	   First	   row:	   thermal	   images	   from	  
Montagnola	   camera.	   Second	   row:	   thermal	   images	  
from	  Nicolosi	  camera.	  Third	  row:	  Visible	  light	  images	  
from	  Schiena	  dell’Asino	  camera.	   Fourth	   row:	  visible	  







In	  the	  early	  morning	  of	  August	  11th,	  just	  five	  days	  after	  the	  last	  paroxysm,	  several	  (cold)	  ash	  emissions	  occurs	  from	  NSEC	  foreshadowing	  a	  new	  
Strombolian	  activity	  that	  took	  place	  in	  the	  late	  noon.	  On	  August	  12th	  at	  about	  10:30	  CEST	  lava	  overflowed	  from	  the	  eastern	  rim	  of	  the	  crater	  
(09:50	  CEST)	  flowing	  into	  Valle	  del	  Bove	  (fig.	  13.29).	  Eruptive	  activity	  slowly	  decreased	  and	  ceased	  definitively	  at	  about	  13:00	  CEST	  (INGV	  -­‐	  CT,	  
2011a).	  
	  
In	  the	  early	  morning	  of	  August	  20th	  a	  short	  but	  violent	  explosive	  activity	  began	  at	  NSEC;	  the	  activity	  suddenly	  shifted	  to	  intense	  lava	  fountaining	  
which	  produced	  a	  dense	  column	  5-­‐6	  km	  high	  that	  provoked	  modest	  ash	  fallout	  in	  many	  cities	  located	  on	  the	  southwestern	  flank	  of	  the	  volcano	  
(fig.	  13.30).	  Lava	  overrun	  the	  crater	  rims	  and	  flowed	  downslope	  following	  the	  same	  path	  of	  the	  lavas	  emitted	  during	  the	  preceding	  paroxysmal	  
episodes.	  Activity	  started	  diminishing	  soon	  after	  09:30	  CEST	  and	  totally	  ceased	  at	  about	  09:50	  CEST	  (INGV	  -­‐	  CT,	  2011a).	  
	  
About	  a	  week	  after	  the	  last	  event,	  activity	  re-­‐started	  again	  on	  August	  28th	  at	  NSEC	  when	  sporadic	  Strombolian	  explosions	  became	  visible	  since	  
nightfall	  (fig.	  13.31).	   In	  the	  early	  morning	  of	  August	  29th,	  a	  first	   lava	  breached	  NSEC	  rims	  and	  started	  to	  flow	  down	  into	  Valle	  del	  Bove.	  Since	  
05:40	  CEST	  eruptive	  activity	  rapidly	  increased	  in	  intensity	  generating	  several	  pulsating	  lava	  fountain	  that	  rose	  up	  to	  hundred	  meters	  in	  height.	  
Lava	  fountains	  fed	  a	  second	  lava	  flow	  that	  outpoured	  from	  a	  deep	  notch	  opened	  in	  the	  southern	  flank	  of	  NSEC.	  After	  30	  minutes	  activity	  began	  
to	  wane	  passing	  into	  ash	  emission-­‐related	  explosions	  until	  07:15	  CEST	  when	  activity	  totally	  ceased	  (INGV	  -­‐	  CT,	  2011a).	  
	  
	  
Glass	  groundmass	  compositions	  (CaO/Al2O3	  =	  0.48	  –	  0.50	  and	  FeOtot/MgO	  =	  2.79	  -­‐	  3.2)	  showed	  no	  relevant	  differences	  with	  respect	  to	  July’s	  
samples.	  Due	  to	  a	  faintly	  more	  primitive	  composition	  of	  5th	  August	  groundmass	  glass,	  products	  emitted	  during	  August	  12th,	  20th	  and	  29th	  could	  
have	   experienced	   a	  weak	   crystallization	   of	  mafic	   phases.	   No	   relevant	   changes	   in	   gas	   emission	   rate	   and	   composition	  were	   observed	   during	  
August	  with	  respect	  to	  July	  even	  if	  some	  anomalous	  values	  were	  recorded	  on	  August	  8th	  and	  9th	  (up	  to	  7500	  t/d	  SO2)	  (INGV	  -­‐	  CT,	  2011a).	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14th	  to	  16th	  paroxysms	  
On	  September	  6th	  sporadic	  ash	  emission	  occurred	  at	  NSEC	  heralding	  the	  incoming	  of	  a	  new	  
paroxysmal	  event.	   Two	  days	  after,	  on	  September	  8th,	   a	   series	  of	   Strombolian	  explosions	  
marked	  the	  beginning	  of	  a	  new	  eruptive	  episode.	  Around	  08:30	  CEST	  the	  activity	  quickly	  
shifted	   to	   pulsating	   lava	   fountaining	   which	   produced	   a	   few	   kilometers	   high	   eruptive	  
column.	  Meanwhile	   outpoured	   lava	   started	   to	   flow	   towards	  Valle	   del	   Bove	   through	   the	  
August	   29th	   eruptive	   fracture.	   Several	   ash	   emission-­‐explosions	   followed	   the	   end	   of	   the	  
paroxysmal	   activity	   that	   completely	   ceased	   around	   10:45	   CEST	   	   (fig.	   13.32)	   (INGV	   -­‐	   CT,	  
2011l).	  
	  
The	  fourteenth	  paroxysm	  started	  in	  the	  late	  night	  of	  September	  19th	  around	  04:00	  CEST:	  
the	  event	  was	  foreshadowed	  by	  four	  strong	  detonations	  that	  released	  lot	  of	  ashes	  into	  the	  
atmosphere.	  Strombolian	  explosions	  and	  sustained	  lava	  fountains	  characterized	  the	  initial	  
stages.	  At	  14:20	  CEST	  the	  paroxysmal	  activity	  reached	  its	  energetic	  peak	  giving	  rise	  to	  lava	  
fountains	  up	  to	  100	  m	  in	  height.	  	  Again	  a	  new	  lava	  started	  to	  descended	  the	  steep	  western	  
slope	  of	  Valle	  del	  Bove	  expanding	  over	  the	  older	  flows	  (fig.	  13.33).	   	  Powerful	  detonation	  
marked	  the	  end	  of	  the	  paroxysmal	  activity	  at	  around	  15:00	  CEST	  (INGV	  -­‐	  CT,	  2011l).	  	  
	  
	  
As	   for	   the	   August	   5th	   event,	   in	   the	   morning	   of	   September	   28th	   NSEC	   activity	   resumed	  
abruptly	   without	   any	   relevant	   precursor	   signal	   in	   the	   days	   before.	   Eruptive	   activity	   began	   in	   the	   late	   forenoon	  with	   loud	   detonations	   and	  
Strombolian	   explosions.	   Since	   19:30	   CEST	   activity	   increased	   both	   in	   frequency	   and	   intensity	   until	   21:28	   CEST	  when	   vigorous	   lava	   fountains	  
started	  to	  rise	  up	  to	  800	  m	  above	  the	  vent.	  Two	  distinct	  lava	  flows	  began	  to	  overflow	  both	  from	  the	  southeastern	  and	  the	  northern	  rim	  of	  NSEC	  
(fig.	  13.34).	  The	   first	   flow	   reached	   the	  bottom	  of	  Valle	  del	  Bove	   following	   the	   same	  path	  of	  previous	   flows	  while	   the	   smaller	  one	  advanced	  
toward	   the	  May	  2008	   fissure	  and	   stagnate	  at	  ∼2900	  m	  a.s.l.	  Activity	  gradually	  diminished	  until	   12:00	  CEST	  when	  any	  activity	   totally	   ceased	  





Geochemical	  analyses	  performed	  on	  ashes	  and	  lapilli	  emitted	  during	  these	  paroxysmal	  events	  showed	  that	  September	  products	  were	  slightly	  
more	   primitive	   (average	   CaO/Al2O3	   =	   0.49	   and	   FeOtot/MgO	   =	   3.13)	   with	   respect	   to	   the	   August	   29
th	   products.	   SO2	   emission	   rate	   constantly	  
decreased	  during	  September	  even	  if	  some	  very	  high	  values	  (up	  to	  9000	  -­‐	  11000	  t/d)	  were	  recorded	  on	  September	  19th,	  20th	  24th	  and	  27th.	  As	  for	  
SO2	  emission	  rates,	  both	  HCl	  and	  HF	  concentration	  steadily	  decreased	  during	  the	  first	  three	  weeks	  altough	  marking	  a	  clean	  increase	  in	  the	  last	  




17th	  and	  18th	  paroxysms	  
In	  the	  early	  forenoon	  of	  October	  8th	  several	  Strombolian	  explosions	  occurred	  again	  within	  NSEC	  (figg.	  13.35	  –	  13.36).	  Around	  13:30	  CEST	  strong	  
Strombolian	  activity	  started	  from	  the	  August	  29th	  eruptive	  fracture;	  erupted	  material	  fed	  a	  lava	  that	  began	  to	  flow	  towards	  the	  western	  slope	  of	  
Valle	  del	  Bove.	  At	  16:30	  CEST	  activity	  shifted	  into	  sustained	  lava	  fountaining	  generating	  a	  few	  km	  high	  dense	  ash	  cloud:	  it	  was	  probably	  during	  
this	  phase	  that	  few	  new	  eruptive	  vents	  opened	  along	  the	  September	  8th	  fracture	  on	  the	  northwestern	  flank	  of	  NSEC	  and	  two	  very	  small	  (few	  
13.32	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Figures	  13.33	  –	  13.34:	  Photos	  of	  the	  September	  19th	  and	  28th	  paroxysms	  respectively,	  from	  INGV	  -­‐	  CT	  (2011l).	  
	  
Figures	  13.32:	  September	  8th	  eruptive	  column,	  from	  




hundred	   meters)	   lava	   flows	   were	   emitted.	   Lava	   fountaining	   lasted	   until	   17:00	   CEST	   even	   if	   ash	   emissions	   went	   on	   until	   19:45	   CEST	  
widespreading	  ashes	  onto	  the	  whole	  eastern	  sector	  of	  Mt	  Etna	  (INGV	  -­‐	  CT,	  2011k).	  	  
After	  a	   longer	  quiescent	  phase	   (15	  days),	  NSEC	  suddenly	  woke	  up	   in	   the	  evening	  of	  October	  23rd	   (fig.	  13.37).	  As	   for	   the	  events	  occurred	  on	  
August	  5th	  and	  September	  28th,	  activity	  rapidly	  increase	  in	  intensity	  shifting	  from	  weak	  Strombolian	  explosions	  into	  sustained	  lava	  fountaining	  in	  
less	   than	  1.5	  hours	   (18:13	  –	  19:26	  CET).	   	  A	  new	   lava	  started	   to	   flow	  down	   into	  Vale	  del	  Bove	  halting	  near	  Mt	  Centenari.	  Three	  distinct	   lava	  
fountains	  became	  visible	  since	  19:00	  GMT,	  one	  from	  central	  vent,	  one	  from	  the	  southeastern	  flank	  and	  another	  one	  from	  the	  northern	  rim	  of	  
NSEC.	  Lava	  fountaining	  started	  waning	  since	  20:30	  CET	  when	  Strombolian	  explosions	  took	  over.	  Eruptive	  activity	  totally	  ceased	  at	  about	  22:15	  





Lapilli	  glassy	  groundmass	  compositions	  of	  October	  2011	  products	  were	  significantly	  more	  evolved	  with	  respect	  to	  those	  erupted	  in	  September	  
(CaO/Al2O3	  =	  0.48	  and	  FeOtot/MgO=	  3.20).	  SO2	   flux	  values	  did	  not	  show	  a	  well-­‐defined	  trend,	   fluctuating	  between	  300	  (on	  October	  19
th)	  and	  
15000	   t/d	   in	   conjunction	   with	   paroxysmal	   episodes.	   HCl	   and	   HF	   remain	   almost	   constant	   even	   if	   a	   slight	   increase	   through	   last	   week	   was	  





No	   signs	   of	   significant	   activity	  were	   recorded	   during	   first	   half	   of	  November:	   SEC	   and	  BN	   continued	   to	   degas	   regularly	   until	   the	  morning	   of	  
November	  15th	  when	  NSEC	  showed	  signs	  of	  an	  imminent	  unrest.	  	  
Around	  07:00	  CET,	  23	  days	  since	  the	  last	  paroxysm,	  NSEC	  suddenly	  reactivated:	  Strombolian	  explosions	  fed	  a	  new	  lava	  that	  began	  to	  overflow	  
from	  the	  lower	  portion	  of	  August	  28th	  eruptive	  fissure	  towards	  Valle	  del	  Bove	  (fig.	  13.38).	  Shortly	  after	  12:00	  CET	  the	  activity	  shifted	  into	  lava	  
fountaining	  which	  launched	  pyroclasts	  up	  to	  800	  m	  in	  height	  and	  produced	  a	  few	  kilometers	  high	  eruptive	  column	  (fig.	  13.39).	  Eruptive	  activity	  
abruptly	  ceased	  at	  13:29	  CET	  but	  ash	  emissions	  and	  isolated	  explosions	  lasted	  until	  the	  early	  afternoon	  (INGV	  -­‐	  CT,	  2011j).	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Figures	  13.35	  –	  13.36:	  Photos	  of	  the	  October	  8th	  paroxysm,	  from	  INGV	  -­‐	  CT	  (2011k).	  







November	  2011	  lapilli	  glassy	  groundmass	  composition	  fall	  well	  within	  2010	  –	  2011	  activity	  field,	  showing	  both	  a	  slightly	  higher	  FeOtot/MgO	  and	  
CaO/Al2O3	  ratio	  (3.30	  and	  0.50	  relatively)	  with	  respect	  to	  October	  23
rd	  samples.	  As	  for	  October,	  SO2	  flux	  did	  not	  vary	  significantly	  throughout	  
the	  month,	  showing	  some	  sporadic	  high	  values	  up	  to	  7000	  t/d	  on	  5th,	  20th	  and	  22nd;	  HF	  and	  HCl	  concentration,	  measured	  only	  during	  the	  second	  
week	  of	  November	  due	  to	  poor	  weather	  conditions,	  showed	  a	  marked	  increase	  with	  respect	  to	  the	  last	  values	  recorded	  in	  October	  (INGV	  -­‐	  CT,	  
2011j).	  
	   	  
December	  2011	  
	  
On	  December	  3rd	  morning,	  at	  about	  09:07	  CET,	  a	  weak	  ash-­‐emission	  
related	   explosion	   occurred	   within	   BN	   crater	   (fig.	   13.40).	   The	   event	  
lasted	   few	   minutes	   and	   the	   ash-­‐cloud	   was	   quickly	   widespread	  
northeastward	  by	  the	  wind.	  	  Textural	  analyses	  performed	  by	  INGV-­‐Ct	  
staff	   on	   sampled	   ashes	   revealed	   a	   high	   lithic	   fraction	   (up	   to	   90%)	  
excluding	   the	   involvement	   of	   fresh	   magma	   (INGV	   -­‐	   CT,	   2011c).	   Mt	  
Etna	  showed	  a	  conspicuous	  degassing	  from	  BN	  and	  NEC	  and	  a	  diffuse	  
fumarolic	   activity	   from	   NSEC;	   this	   state	   of	   relative	   inactivity	   lasted	  
until	   the	   end	   of	   the	   year.	   SO2	   emissions	   were	   sensibly	   higher	   than	  
those	   recorded	   in	   November	   usually	   exceeding	   7000	   t/d	   with	   an	  
isolated	   extremely	   low	   value	   (less	   than	   500	   t/d)	   recorded	   on	  
December	  1st.	  HF	  and	  HCl	  concentrations	  fluctuate	  during	  the	  whole	  
month,	  showing	  higher	  values	  during	  the	  central	  week	  of	  December	  
(12th-­‐18th)	  (INGV	  -­‐	  CT,	  2011c).	  
	  
A.D.	  2012	  
January	  2012	  	  
	  
20th	  paroxysm	  
The	   new	   year	   begun	  with	   a	   new	   small	   ash-­‐emission	   from	  BN	   on	   January	   2nd.	   Two	   days	   later,	   on	   4th	  morning	   (about	   50	   days	   from	   the	   last	  
paroxysm)	  strong	  fluctuations	  of	  volcanic	  tremor	  amplitudes	  and	  explosion	  quakes	  were	  recorded	  by	  seismic	  and	  infrasound	  INGV	  monitoring	  
systems	  heralding	  an	  imminent	  unrest	  of	  NSEC.	  	  
Later	   in	  the	  evening,	  a	   feeble	  blaze	  becames	  visible	  at	  NSEC	  where	   intracrater	  weak	  Strombolian	  explosions	  took	  place.	  Strombolian	  activity	  
increased	  rapidly	  in	  intensity	  until	  03:45	  CET	  when	  a	  new	  lava	  flow	  began	  to	  overrun	  from	  the	  crater	  rim	  and	  started	  to	  descent	  towards	  Valle	  
del	  Bove	  following	  the	  same	  path	  of	  the	  preceding	  paroxysm	  lavas	  (figg.	  13.41à13.43).	  Shortly	  after	  06:20	  CET	  a	  strong	  explosions	  marked	  the	  
beginning	  of	   the	  most	   intense	  phase	  of	   the	  paroxysm.	  A	  dark	   column	  of	  pyroclasts	   and	  gases	   rose	  up	   the	  NSEC	   rim	  and	  partially	   collapsed	  
generating	   phreatic	   explosions	   (due	   to	   the	   interaction	   between	   hot	   pyroclasts	   and	   snow),	   pyroclastic	   density	   currents	   and	   lahars	   that	   run	  
downslope	  for	  few	  hundred	  meters.	  	  
13.38	  
Figures	   13.38	   –	   13.39:	   Photos	   of	   the	   November	   15th	   eruptive	   column	   and	  
lava	  flow,	  from	  INGV	  -­‐	  CT	  (2011j).	  
	  
13.40	  






Activity	  shifted	  to	  sustained	  lava	  fountaining	  (jets	  up	  to	  200	  m)	  producing	  a	  dense	  ash	  column	  that	  rose	  up	  to	  5-­‐6	  km	  above	  the	  volcano.	  The	  
ash	   cloud	  was	  widespread	   to	   the	   south	   by	   the	  wind	   towards	   the	   towns	   of	  Biancavilla,	   Paternò,	   Ragalna,	   Belpasso,	   and	   reaching	   Gela	   and	  
Ragusa,	  about	  100	  km	  to	   the	  southwest	   (fig.	  13.44).	  From	  07:00	   to	  08:00	  CET	  several	  vents	  opened	  along	   the	  eruptive	   fracture	  producing	  a	  
consistent	  lava	  fountaining	  and	  feeding	  a	  second	  lava	  flow.	  The	  eruptive	  event	  abruptly	  ended	  at	  about	  08:00	  CET	  with	  sporadic	  ash-­‐emission	  






It	   is	   worth	   to	   note	   that	   during	   NSEC	   paroxysm	   BN	   emitted	   several	  
puffs	   of	   ash	  probably	   related	   to	   an	   intracrater	   Strombolian	   activity.	  
Lava	  flows	  emitted	  from	  NSEC	  descended	  the	  steep	  western	  slope	  of	  
Valle	  del	  Bove	  halting	  close	  to	  the	  northern	  base	  of	  Serra	  Giannicola	  
Grande,	  about	  2km	  far	   from	  the	  vent.	  The	  second	   flow	  reached	  the	  
upper	  portion	  of	  the	  May	  13th	  2008	  fracture	  stopping	  its	  run	  after	  few	  
hundred	  meters.	  
NSEC	  remained	  in	  an	  almost	  state	  of	  quiet	  until	  January	  27th	  when	  at	  
12:24	   CET,	   several	   hot	   ash	   emission	   explosions	   occurred	   heralding	  
the	  Strombolian	  activity	   that	  began	   in	   the	  night	  at	  about	  23:30	  CET	  
(fig.	  13.45).	  Activity	  did	  not	   increase	   in	   intensity	  and	  started	  waning	  
with	  sporadic	  explosions	  at	  irregular	  intervals	  that	  lasted	  until	  the	  
end	  of	  the	  month	  (INGV	  -­‐	  CT,	  2012e).	  
	  
January	  2012	  lapilli	  glassy	  groundmass	  composition	  falls	  well	  within	  the	  2011	  NSEC	  activity	  field,	  showing	  a	  slightly	  more	  primitive	  composition	  
with	   respect	   to	   the	   last	  paroxysmal	  episode	  of	  November	  15th	  2011	   (CaO/Al2O3	  =	  0.50	  and	  FeOtot/MgO=	  2.90).	  Gas	  emission	  have	   remained	  
similar	   to	   December	   2011	   ones	  with	   peak	   values	   up	   to	   8000	   t/d.	   HF	   and	  HCl	   concentration	   fluctuated	   very	   during	   January,	   increasing	   and	  
decreasing	  throughout	  the	  whole	  month	  (INGV	  -­‐	  CT,	  2012e).	  
	  
February	  2012	  	  
	  
21th	  paroxysm	  
NSEC	   intracrater	  activity	  began	  at	  the	  end	  of	  January	  continued	  until	   the	  afternoon	  of	  February	  8th	  when	  both	  explosive	  and	  seismic	  activity	  
suddenly	   increased	   in	   intensity	   and	   amplitude.	   Shortly	   after	   20:00	   CET	   a	   new	   lava	   began	   to	   outpour	   from	   the	   deep	   notch	   opened	   on	   the	  
southeastern	  flank	  of	  NSEC	  and	  started	  to	  descend	  into	  Valle	  del	  Bove.	  Later	  in	  the	  night,	  at	  about	  01:30	  CET	  lava	  fountaining	  (first	  pulsating	  
than	  sustained)	   took	  over	  Strombolian	  explosions	   jetting	  pyroclasts	  up	   to	  500	  m	   in	  height	   feeding	  an	  eruptive	  column	  that	   rose	  up	   to	  6	  km	  
above	  the	  summit	  that	  slowly	  drifted	  westward	  (fig.	  13.46).	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Figures	  13.41	  à 	  13.44:	  Photos	  of	  the	  January	  5th	  paroxysm,	  from	  INGV	  -­‐	  CT	  (2012e).	  
Figure	  3.196:	  Ash	  dispersion	  area,	  from	  INGV	  -­‐	  CT	  (2012e).	  
	  









Lava	   began	   to	   flow	   into	   Valle	   del	   Bove	   virtually	   following	   the	   same	   paths	   of	   the	   flows	   emitted	   during	   the	   preceding	   paroxysm	   reaching	   a	  
maximum	   distance	   of	   3km	   from	   the	   vent	   (fig.	   13.47).	   As	   for	   the	   lasts	   paroxysm,	   lava-­‐snow	   interaction	   produced	   some	   powerful	  
phreatomagmatic	  explosions.	  Few	  hours	  after	  the	  activity	  started	  to	  wane;	  lava	  fountains	  became	  again	  discontinuous	  giving	  way	  to	  sporadic	  
jets	  and	  violent	  explosions.	  Eruptive	  activity	  ended	  at	  about	  10:00	  CET	  with	  isolated	  diluted	  ash	  emissions	  from	  BN	  (INGV	  -­‐	  CT,	  2012d).	  
	  
SO2	  emissions	  were	  almost	  constant	  showing	  peak	  values	  up	  to	  7000	  t/d	  (on	  February	  3
rd	  and	  10th)	  while	  HCl	  and	  HF	  concentrations	  fluctuate	  





22nd	  and	  23rd	  paroxysms	  
In	  the	  early	  morning	  of	  March	  4th,	  after	  about	  a	  month	  after	  the	  last	  paroxysmal	  episode,	  Strombolian	  explosions	  occurred	  at	  NSEC	  becoming	  
more	   and	  more	   violent	   and	   frequent.	   Lava	   outpoured	   from	   the	   deep	  notch	   opened	  on	   the	   southeastern	   flank	   of	  NSEC	   running	   downslope	  
toward	  Valle	  del	  Bove	  (figg.	  13.48à	  13.50).	  Strombolian	  explosion	  gave	  way	  to	  sustained	  lava	  fountains	  generating	  a	  5	  km	  high	  eruptive	  column	  
that	  occasionally	  collapsed	  generating	  several	  small	  pyroclastic	  flows.	  Ash	  and	  lapilli	  were	  widespread	  northeastward	  provoking	  fallouts	  around	  
the	  villages	  of	  Linguaglossa,	  Taormina,	  Piedimonte	  Etneo	  and	  Fiumefreddo	  reaching	  Messina	  and	  the	  Calabrian	  coasts.	  
Shortly	  before	  09:00	  CET	  a	  new	  fissure	  opened	  on	  the	  upper	  southwestern	  flank	  of	  NSEC	  in	  the	  saddle	  between	  SEC	  and	  NSEC.	  Lava	  began	  to	  
flow	  to	  the	  southeast	  interacting	  violently	  with	  the	  snow	  blanketing	  the	  volcano	  slopes	  and	  producing	  again	  minor	  pyroclastic	  density	  currents	  
and	  lahars.	  	  
This	   lava	  flow	  surrounded	  the	  southern	  roots	  of	  NSEC	  and	  began	  to	  descent	  the	  western	  flank	  of	  Valle	  del	  Bove	  splitting	   in	  several	  branches	  
reaching	  a	  maximum	  distance	  of	  3.5	  km	  from	  the	  vent.	  Activity	  slowly	  waned	  since	  10:00	  CET	  and	  lava	  fountaining	  ceased	  at	  10:32	  CET	  while	  
isolated	  explosions	  were	  heard	  until	  10:51	  CET	  (INGV	  -­‐	  CT,	  2012i).	  	  




13.46	   13.47	  
Figures	  13.46	  –	  13.47:	  February	  8th	  paroxysm,	  from	  INGV	  -­‐	  CT	  (2012d).	  
	  







Two	  weeks	   after	   the	   end	  of	   the	  22nd	   paroxysm	  NSEC	   showed	  again	  
signs	   of	   an	   imminent	   unrest:	   more	   and	  more	   frequent	   diluted	   ash	  
emissions	  and	  glows	  occurred	  at	  NSEC	  summit.	  	  On	  March	  18th	  night	  
intracrater	   Strombolian	   explosions	   became	   visible	   at	   NSEC.	   	   Again	  
lava	   slowly	   overflowed	   from	   the	   notch	   opened	   in	   the	   southeastern	  
rim	  of	  NSEC.	  Since	  the	  19th	  morning	  (08:25	  CET)	  Strombolian	  activity	  
gave	  way	  to	  mild	  lava	  fountains	  up	  to	  100	  m	  in	  height	  13.51.	  A	  thick	  
eruptive	   column	   rose	   up	   to	   7-­‐8	   km	   a.s.l.	   and	   then	   blown	   eastward	  
from	  the	  wind	  provoking	  rock	  avalanches	  on	  the	  eastern	  flank	  of	  the	  
cone	   and	   pyroclastic	   fallout	   in	   the	   areas	   of	   Zafferana	   Etnea,	  
Sant’Alfio,	  Pozzillo,	  Riposto	  and	  Giarre	  (INGV	  -­‐	  CT,	  2012i).	  
Lava	   flowed	   down	   into	   the	   bottom	   of	   the	   valley	   reaching	   the	  
southern	   roots	   of	   Mt	   Centenari,	   4	   km	   from	   NSEC.	   The	   paroxysmal	  
phase	  of	  the	  eruption	  ended	  at	  ∼11:30	  CET	  when	  lava	  fountains	  gave	  
way	  to	  loudly	  ash-­‐emission	  explosions	  (INGV	  -­‐	  CT,	  2012i)	  .	  
Coarse	  ash	  glassy	  groundmass	  analyses	  performed	  by	   INGV-­‐	  CT	  staff	  
on	  samples	  from	  March	  4th	  and	  18th	  paroxysms	  (CaO/Al2O3	  =	  0.50	  and	  
FeOtot/MgO=	  2.80	  –	  3.20)	  falls	  well	  within	  2011-­‐2012	  NSEC	  activity	  field.	  They	  are	  almost	  identical	  to	  January	  2012.	  SO2	  flux	  markedly	  decreased	  
with	  respect	  to	  February	  (average	  value:	  5000	  t/d);	  some	  very	  low	  values	  (less	  than	  1000	  t/d)	  where	  recorded	  on	  March	  20th	  and	  23rd.	  As	  for	  





24th,	  25th	  and	  26th	  paroxysms	  
Few	  weeks	  after	  the	  last	  paroxysm,	  in	  the	  early	  morning	  of	  April	  1st	  a	  new	  eruptive	  event	  started	  at	  NSEC.	  	  In	  the	  afternoon	  of	  March	  30th	  a	  dark	  
ash	  plume	  rose	  up	  to	  300	  m	  above	  the	  crater	  rim	  foreshadowing	  the	  imminent	  unrest	  of	  the	  volcanic	  activity.	  Eruptive	  activity	  then	  shifted	  to	  
weak	  Strombolian	  intracrater	  explosions	  that	  lasted	  until	  April	  1st	  night	  when,	  at	  about	  03:30	  CEST	  the	  activity	  increased	  both	  in	  frequency	  and	  
intensity	  giving	  way	  to	  sustained	  lava	  fountains	  (fig.	  13.52).	  Eruptive	  activity	  fed	  a	  new	  lava	  flow	  that	  descended	  the	  western	  rim	  of	  Valle	  del	  
Bove	   forming	   a	  multi-­‐lobed	   lava	   field.	   A	   dense	   eruptive	   column	   rose	   up	   few	   km	   above	  NSEC	   provoking	   ash	   and	   lapilli	   fallouts	   in	   the	   areas	  
between	  Zafferana	  Etnea,	  Giarre,	  Acireale	  and	  Monterosso	  (INGV	  -­‐	  CT,	  2012b).	  During	  the	  most	  intense	  phase	  of	  the	  paroxysm	  a	  second	  lava	  
outpoured	   from	   the	  northern	   sector	  of	   the	   southeastern	   flank	  of	  NSEC	   flowing	  north	   to	   the	  main	   lava	   flow.	  As	   for	   the	   lasts	  events,	   several	  
phreatomagmatic	  explosions	  occurred	  due	  to	  the	  violent	  interaction	  between	  lava	  and	  the	  snow	  blanketing	  the	  flanks	  of	  the	  volcano	  producing	  
small	  pyroclastic	  flows	  and	  lahars.	  
Activity	  started	  to	  wane	  since	  05:30	  CEST	  when	  Strombolian	  explosions	  lasted	  until	  06:40	  CEST	  when	  the	  activity	  totally	  ceased.	  Lava	  continued	  
to	  flow	  for	  several	  hours	  after	  the	  end	  of	  the	  event	  expanding	  eastward	  onto	  the	  18th	  March	  lava	  field	  (INGV	  -­‐	  CT,	  2012b).	  









In	   the	   early	   night	   of	   April	   10th	   (20:11	   -­‐	   20:26	   CEST),	   about	   ten	   days	   after	   the	   last	   eruptive	   event,	   several	   explosions	   occurred	   at	   NSEC	  
foreshadowing	  an	  imminent	  unrest.	  Activity	  slightly	  increased	  during	  April	  11th	  when	  weak	  Strombolian	  explosion	  occurred	  from	  a	  vent	  opened	  
inside	  the	  NSEC.	  On	  April	  12th	  morning	  the	  activity	   increased	  both	   in	   frequency	  and	   intensity;	  a	  small	   lava	  began	  to	  outpour	   from	  the	  notch	  
opened	  on	  the	  southeastern	  flank	  of	  NSEC	  (14:24	  CEST)	  meanwhile	  a	  new	  vent	  opened	  on	  the	  summit	  area	  (15:42	  CEST).	  Strombolian	  activity	  at	  
the	   two	   eruptive	   vents	   increased	   both	   in	   vigor	   and	   energy	   grading	   into	   sustained	   lava	   fountains	   creating	   a	   curtain	   of	   fire	   above	  NSEC	   (fig.	  
13.52).	  A	  dark	  eruptive	  column	  rose	  about	  3km	  above	  the	  vents	  bending	  eastward	  and	  provoking	  modest	  ashfall	   in	  the	  villages	  of	  Mascali,	  S.	  
Alfio,	  Puntalazzo,	  Fornazzo	  and	  Nunziata	  (INGV	  -­‐	  CT,	  2012b).	  Activity	  lasted	  until	  17:15	  CEST	  when	  lava	  fountaining	  suddenly	  halted	  giving	  way	  
to	  ash	  explosions	  marked	  the	  end	  of	  the	  paroxysm	  at	  about	  18:00	  CEST.	  
During	   the	  paroxysmal	  phase	  of	   the	  event	   three	  distinct	   lava	   flows	  outpoured	   from	  NSEC;	   two	  descended	  the	  steep	  slope	  of	  Valle	  del	  Bove	  







Figure	   13.51.	   Evolution	   of	   April	   1st	   paroxysm.	   Thermal	   images	   of	   La	  
Montagnola	  INGV	  camera,	  from	  	  INGV	  -­‐	  CT	  (2012b).	  







Nine	  days	  after	  the	  end	  of	  the	  25th	  paroxysm,	  NSEC	  showed	  again	  signals	  of	  an	  imminent	  unrest.	  In	  the	  morning	  of	  April	  21st	  the	  surveillance	  
systems	  of	   INGV	  –	  Osservatorio	  Etneo	   revealed	  a	   series	  of	  dilute	  ash	  emissions	   from	  NSEC	   that	   lasted	  until	   the	  early	  morning	  of	  April	   23rd.	  
Meanwhile	  a	  small	  lava	  began	  to	  outpour	  from	  the	  deep	  notch	  on	  the	  southeastern	  flank	  of	  NSEC	  without	  any	  related	  explosive	  activity	  (INGV	  -­‐	  
CT,	   2012b).	   This	   small	   lava	   emission	   ended	   at	   about	   10:00	   CEST	   but	   in	   the	   afternoon	   the	   activity	   suddenly	   revived	   producing	   vigorous	  
Strombolian	  explosions	  that	  lasted	  until	  03:10	  CEST	  of	  April	  24th	  when	  the	  activity	  shifted	  to	  lava	  fountaining.	  A	  glowing	  eruptive	  column	  rose	  
up	  few	  kilometers	  above	  the	  cone	  being	  suddenly	  blown	  away	  provoking	  ashfall	  in	  the	  areas	  of	  Linguaglossa,	  Piedimonte,	  Presa,	  Fornazzo	  and	  
Giarre	  (INGV	  -­‐	  CT,	  2012b).	  
The	  climax	  of	   the	  activity	   lasted	   from	  03:40	  until	  04:25	  CEST	  when	  the	  activity	  began	  to	  wane	  halting	  definitively	  at	  about	  04:40	  CEST	   (figg.	  
13.53	  –	  13.54).	  An	  isolated	  small	  ash	  emission	  explosion	  occurred	  in	  the	  late	  morning	  of	  April	  24th	  at	  about	  11:32	  CEST	  producing	  a	  200-­‐300	  m	  
high	  dark	  plume	  rapidly	  blown	  away	  by	  the	  wind.	  As	  for	  the	  last	  paroxysm,	  this	  eruptive	  event	  produced	  three	  distinct	  lavas	  that	  followed	  the	  
same	  path	  of	  the	  preceding	  flows.	  Two	  of	  them	  descended	  the	  western	  rim	  of	  Valle	  del	  Bove	  halting	  at	  about	  1850	  m	  a.s.l.	  while	  one	  flowed	  
into	  the	  direction	  of	  the	  May	  2008	  eruptive	  fissure	  	  (INGV	  -­‐	  CT,	  2012b).	  
	  
	  
SO2	  emissions	  were	  almost	  constant	  during	  the	  whole	  month;	  in	  the	  first	  three	  weeks	  were	  recorded	  values	  of	  more	  than	  10000	  t/d	  (April	  1
st,	  
13th	   and	   14th).	   SO2	   emissions	   markedly	   decreased	   in	   the	   last	   week	   when	   an	   average	   of	   5000	   t/d	   (April	   25
th)	   was	   recorded.	   HCl	   and	   HF	  
concentrations	  very	  oscillate	  during	  the	  whole	  month	  even	  if	  a	  strong	  increase	  during	  the	  last	  week	  were	  recorded	  by	  the	  monitoring	  network	  




Since	  the	   last	  paroxysmal	  episode	  and	  towards	  May,	  Mt	  Etna	  showed	  an	  almost	  steady	  state:	  any	  eruptive	  events	  were	  recorded	  during	  the	  





Gases	  emissions	  lowered	  with	  respect	  to	  April	  ones,	  reaching	  10000	  t/d	  (SO2)	  on	  May	  22
nd	  -­‐	  23rd.	  As	  revealed	  by	  FLAME	  network,	  HF	  and	  HCl	  










Figure	  13.55:	  Visible	  light	  camera	  shot	  of	  May	  3rd	  SEC	  ash	  emission.	  	  








As	  in	  May,	  Mt	  Etna	  showed	  no	  significant	  activity,	  except	  for	  a	  continuous/pulsating	  degassing	  from	  all	  of	  the	  craters.	  	  HCl,	  HF	  concentrations	  
and	  SO2	  emissions	  were	  in	  line	  to	  those	  recorded	  on	  May	  with	  remarkable	  values	  up	  to	  8000	  T/d	  recorded	  on	  June	  4
th	  –	  5th	  and	  a	  very	  low	  value	  
below	  900	  T/d	  (June	  9th)	  (INGV	  -­‐	  CT,	  2012f).	  	  
	  
July	  2012	  	  
	  
Bocca	  Nuova	  intracrater	  activity	  
Since	  the	  end	  of	  June	  and	  throughout	  the	  beginning	  of	  July	  INGV	  instruments	  recorded	  a	  strong	  increase	  in	  volcanic	  tremor	  located	  beneath	  
Bocca	  Nuova	  foreshadowing	  an	  imminent	  resumption	  of	  eruptive	  activity.	  
In	  the	  early	  morning	  of	  July	  3rd	  a	  weak	  intracrater	  Strombolian	  activity	  started	  from	  a	  single	  small	  vent	  located	  within	  BN	  crater	  floor.	  This	  was	  
the	  first	  sign	  of	  BN	  activity	  since	  the	  last	  event	  occurred	  almost	  exactly	  a	  year	  before	  (July	  11th-­‐17th	  2011).	  	  In	  the	  following	  days	  the	  Strombolian	  
activity	  rapidly	  built-­‐up	  a	  small	  pyroclastic	  cone	  around	  the	  active	  vent	  (figg.	  3.210à3.213).	  Few	  days	  after,	  on	  July	  8th,	  a	  small	   lava	  flow	  was	  
observed	  outpouring	  from	  the	  new	  cone	  (figg.	  13.57	  –	  13.59).	  Both	  Strombolian	  explosions	  and	  lava	  emission	  lasted	  until	  June	  24th	  when	  the	  
activity	  began	  to	  wane.	  This	  almost	  continuous	  eruptive	  activity	  ended	  on	  June	  25th	  when	  Strombolian	  bursts	  gave	  way	  to	  some	  powerful	  ash-­‐
and-­‐block	  emissions	  related	  explosions	  that	  marked	  the	  end	  of	  the	  eruption	  (INGV	  -­‐	  CT,	  2012g).	  	  
Two	  more	  eruptive	  episodes	  occurred	  on	  July	  26th	  and	  from	  July	  29th	  to	  August	  1st	  when	  again	  Strombolian	  explosions	  and	  lava	  emission	  rapidly	  
heightened	  the	  intracrater	  cone	  up	  to	  30-­‐40	  m	  in	  height.	  
Gas	  emissions	  	  (ab.	  5000	  T/d	  SO2)	  were	  similar	  to	  those	  recorded	  in	  June	  reaching	  some	  very	  low	  values	  on	  July	  1st	  and	  19th	  (500	  T/d).	  HF	  and	  
HCl	  concentrations	  showed	  a	  marked	  decrease	  during	  the	  first	  week	  of	  the	  month	  (INGV	  -­‐	  CT,	  2012g).	  	  
	  
August	  2012	  	  
	  
The	  BN	  eruptive	  episode	  started	  on	  July	  29th	  lasted	  until	  the	  afternoon	  of	  August	  1st	  when	  the	  volcanic	  tremor	  dropped	  sharply	  and	  Strombolian	  
and	  effusive	  activity	  gave	  way	  to	  sporadic	  ash	  explosions	  marking	  the	  end	  of	  eruptive	  activity.	  	  Four	  others	  BN	  eruptive	  episodes	  occurred	  on	  
August	  3rd	  -­‐	  4th,	  6th-­‐	  7th	  and	  10th	  -­‐	  11th	  all	  sharing	  the	  same	  pattern	  characterized	  by	  a	  rapid	  increase	  of	  volcanic	  tremor	  prior	  of	  the	  onset	  of	  mild	  
Strombolian	  explosions	  (figg.	  13.60à13.62)	  (INGV	  -­‐	  CT,	  2012a).	  	  
The	  others	  summit	  craters	  remained	  in	  an	  almost	  calm	  state	  characterized	  by	  a	  continuous	  degassing	  with	  sporadic	  ash	  emissions	  from	  NSEC.	  
On	  August	  27th	  a	  small	  collapse	  of	  NSEC	  western	  rim	  generated	  a	  new	  pit	  that	  quickly	  started	  to	  degas.	  
Gas	  emissions	  were	   in	   line	  with	   those	   recorded	  on	   July,	  oscillating	  between	  3000	  and	  6000	  T/d	   (SO2)	  with	   some	  very	   low	  values	  <	  500	  T/d	  
measured	  on	  August	  20th	  and	  23rd.	  Unfortunately	  both	  HCl	  and	  HF	  concentration	  were	  not	  achieved	  during	  the	  whole	  month	  (INGV	  -­‐	  CT,	  2012a).	  
	  
September	  2012	  	  
	  
During	  September	  few	  small	  sporadic	  ash	  explosion	  occurred	  again	  at	  BN	  (on	  September	  4th	  and	  6th)	  accompanied	  by	  continuous	  degassing	  and	  
deep	  roaring	  from	  NSEC	  (fig.	  13.63).	  
Due	  to	  poor	  weather	  conditions	  gas	  emissions	  were	  not	  recorded	  for	  the	  whole	  month,	  however	  they	  were	  sensibly	  higher	  compared	  to	  those	  
recorded	  in	  August	  peaking	  at	  9000	  T/d	  SO2	  on	  September	  23
rd.	  HF	  and	  HCl	  concentration	  resulted	  slightly	  higher	  with	  respect	  to	  those	  revealed	  




About	  two	  months	  later	  the	  lasts	  BN	  eruptive	  events,	  weak	  Strombolian	  activity	  resumed	  again	  at	  BN	  on	  October	  2nd	  evening.	  	  In	  the	  morning	  of	  
October	  3rd	  the	  explosive	  activity	  was	  accompanied	  by	  the	  emission	  of	  a	  small	  intracrater	  lava	  that	  expanded	  on	  BN	  floor.	  Strombolian	  activity	  
quickly	  built	   a	   small	  pyroclastic	   cone	  on	   the	   top	  of	   the	   former	  one	   formed	   in	   July-­‐August.	  The	  eruptive	  activity	   lasted	  until	  October	  8th	   (fig.	  
13.64).	  
Gas	  emissions	  vary	  throughout	  the	  month,	  reaching	  some	  relevant	  values	  of	  about	  8000	  T/d	  of	  SO2	  on	  October	  15
th.	  HCl	  and	  HF	  concentrations	  




Since	  the	  lasts	  BN	  eruptive	  episodes	  all	  the	  five	  central	  craters	  show	  an	  almost	  steady	  state	  characterized	  by	  pulsating	  gas	  emission	  and	  deep	  
from	  both	  NSEC	  and	  BN.	  	  
Gas	  emission	  rates	  and	  compositions	  were	  similar	  to	  those	  recorded	   in	  October,	  showing	  peaks	  up	  to	  7000	  T/d	  of	  SO2	  recorded	   in	  the	  firsts	  




No	  relevant	  changes	   in	  summit	  craters	  activities	  occurred	   in	  December:	  continuous/intermittent	  degassing	   from	  BN	  and	  NSEC;	  weak	  blazing	  
and	  sporadic	  dense	  ash	  emissions	  from	  NSEC	  (25th	  December)	  and	  fumarolic	  activity	  from	  the	  new	  pit	  opened	  on	  its	  western	  rim	  (figg.	  13.65	  –	  
13.66).	  SO2	  emissions	  vary	   throughout	  December	  marking	  a	  strong	   increase	  during	  the	   first	  week	  when	  emission	  rates	  up	  to	  9500	  T/d	  were	  




















13.59	   13.60	  
13.58	  
13.61	   13.62	  
3.216	   Figures	  13.57	  à13.59:	  Photos	  of	  the	  pyroclastic	  cone	  grew	  inside	  NSEC,	  from	  INGV	  -­‐	  CT	  (2012g).	  





















13.63	   13.64	  
Figure	  13.63:	  September	  4th	  BN	  ash	  emission,	  from	  INGV	  -­‐	  CT	  (2012l).	  	  
Figure	  13.64:	  Final	  phases	  of	  the	  weak	  October	  2012	  BN	  Strombolian	  activity,	  from	  INGV	  -­‐	  CT	  (2012k).	  	  
Figures	  13.65	  –	  13.66:	  December	  25th	  NSEC	  ash	  emission	  and	  BN	  and	  SEC	  degassing,	  from	  INGV	  -­‐	  CT	  (2012c).	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